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PREFACE TO THE FOURTH EDITION 


The oxcerpts from previous prefaces printed below will enable 
tlie reader to see tho main ideas which have been kept in view 
since the inception of this book in 1908. The demand for 
a fourth ^edition within little more than a year after the 
publication of the thinl edition seems to show that this 
method of treating the subject has been acceptable to tbe 
chemical public. 

Ill writing a book such as this, several difficulties have 
•to be avoided. In the first place, it is essential to ensure 
that the text does not degenerate into a mere series of arid 
abstracts of authors’ papei-s, for nothing is duller than chemical 
pemmican. 

Secondly, since it may raasonably be assumed that some 
readers ai'e not perfectly aciiuaiiited with the earlier history 
of eveiy field of research described in the volume, it is 
necessaiy to provide a foundation upon'which'the description 
of recent work can bo lioscd. For example, to restrict an 
account of tho work done upon the tcrpcncs to [lapers published 
only witlu'n tjje last threo years would be to distort the whole 
perspective^ of the subject and lender the book unreadable. 
The title, ^‘Eecent Advances,” was purposely chosen so as to 
permit lihe inclusicgi of earlier work wherever this was neces¬ 
sary; and*tho words must not be interpreted as meaning that 
fndy tho very latest papers in any branoh will be described. 

In the third place, the limitations of space complicate the 
author’s problem. Out of the many fields of interest which 
the subject contains, he has to make a selection, since otherwise 
the book would be too unwieldy. How is the process of 
selection to bo carried out ? In the present volume an attempt 
has been made to hold tho balance evenly between the theory 
and the practice of tho subject, so as to give as fair a repre¬ 
sentation of the whole field as possible, further, the general 
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oontinuit^ of Oxganic Ohemistij has influenced the selection 
to some extent, so that information given in one (Jiapter may 
be collated with facts described in other ports of th^book. 

•Finally, at this time of day there is very little excuse for 
writing an advanced work which is a mere reproduction of^ 
facts and theories thrown together without critiifd spirit. The 
advancement of knowledge is promoted mainly by the study 
of those facts which cannot be accounted for by current 
theories; and it is essential to avoid the impression that our 
piesent'views are the only hypotheses capable of fitting our ever- 
extending acquaintance with phenomena. Organic Chemistry 
is a subject of the greatest interest; and it seems to be a duty 
of those who expound it to bring out strongly some* points 
which will appeal to younger investigators and stimulate them 
to go fnrtlior into the many questions whiOh are still without 
an ans^ver. 

In the present edition, a new clmptor has been written with* 
the object of calling attention to some of the problems which 
still lie open to solution among the commonest facts of the 
text-books; and it is hoped that this may be of interest to the 
younger generation of investigators, and may direct their 
attention to kindred questions among the simpler organic com¬ 
pounds- The older chemists—among whom 1 now regretfully 
include myself—are often hampered by long-continued reliance 
upon the current conceptions when they attempt to face new 
problems; and it is to the rising generation that we must look 
for the results which will follow from the iqjfpact of fresh 
minds upon the knowledge which has been acquired. Com¬ 
plexity and profundity are not necessarily cognate terms; and 
a vast field of research still awaits us among the Simplest 
oiganic compounds. * 

The chapter on the polypeptides has been extended by a 
section which traces the connection between the synthetic 
materials on the one hand, and the naturally occurring proteins 
and their derivatives on tlie other; but no attempt has been 
made to do more than give an outline sketch Of protein 
ohemistiy. Those who wish full details on matters such as 
this will seek their information in volumes specially devoted 
to the subject; for attempts to deal in any detail with* sudi 
a complex branch of chemistry within the scope of a chapter 
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appear to end in dullness and, what is worse, to give a wrong 
idea of thefitate of our knowledge. 

In ot^ parts of the book the principal advanees of ^ 
last year have been deedt with in appropriate sections. 

In conclusion, I wish to express my indebtedness to 
Professor Collie, P.B S., and Professor Smiles, F.RS., O.B.E, 
for assistance in the preparation of the present edition. My 
thanks aie again due to my reviewers for their kindly 
encouragement, and also for help in indicating how the book 
could be improved. 

ALFEEl) W. STEWAET. 

« 

Thx Sir Dorald Odrrui Laboratoriis, 

ThR QaRRK'B Urivibbitt, Uluabt, 

Aitgustf lOJO 



KXTltACTS FliOM THE PREFACE tO 
THE FffiST EDITION } 
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Tii dealing; with Oi^nic Chemistry two courses aro open ; 
for we may consider the matter either historically or from 
the synthetic point of view. In the present volume the 
second method has been adhered to as far as possible; and 
when the synthesis of a substance is known, its constitution 
lias been deduced from the method of formation rather than 
fj-um its decomposition products. The latter, when impor¬ 
tant, are reserved for consideration after the constitution has 
been ilemonstratcd. Jfor Uic sake of clearness, each step in 
the syntheses has been treated in a separate section, so that 
at any moment the reader can see exactly how far he has 
advanced, and can easily refer back to any stage which he 
may wish to rend again. 

llNivEBsrfy CoLiiKOB, London, 

September^ lOOS, 
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PJtOH THE PREFACE TO 
SECOND EDITION 


When writing tlie lirst edition, 1 tried to 1>ear in mind that 
science is not a mere collection of datet;; bnt is ratlicr a rapidly 
clianging seiics of hypotheses by means of which we attempt 
to grou]) the facts with which we me acquainted; and con¬ 
sequently 1 endeavoured (as ouo of my leviewcfis jnit it, 
more clearly than 1 could do) "to illustrato tlic juiuoiples 
upon whicli modem chemistry moves—not stands—and to 
undermine the coiisoi vatism wliich exists in all but strikingly 
original minds." The reception accorded to the volume 
s];iowcd that this mode of regarding the subject is more 
general than I had anticipated. 

Tub Sir Donald CniuiiB Labouatorirb, 

Toe Qukbn’b University on Bblyabt, 

October, 1010. * 



EXTllACT FIIOM THE PREFACE TO 
THE THIRD EDITION 


To keep the book iu touch with the modera trend towards the 
chemistry of natural products and substances of physiological 
interest, .a new chapter has been written containing certain 
theories bearing upon the synthesis of compounds in vegetable 
and animal organisms. 

. One error, common to nearly all text-book^ has, it is 
hoped, been avoided in tliis one. On comparing the average 
* text-book’s statements witli those in tlio original papers, one 
is froqnently struck by the manner in which a tentative 
suggcstioii in the journal takes on a dogmatic tone when 
transferred to the text-book; and in this way a wholly 
erroneous view of the actual facts is put afloat among those 
who seldom consult the original litemture. Such niisliaps 
cannot altogetlior lie avoided, but it is believed that in the 
present volume a successful effort has been made to approach 
the spirit of the originals, and 1 have striven not to force any 
point beyond its legitiifiato range. 

An attempt has been made to write in a critical spirit, 
as was done iu the two previous issues. It is possible that 
I'caders nitay detect a certain bias against the Hood of synthetic 
material yrhich pours chiefly from the German laboratories. 
Lest tliis should be attributed to a reconsideration of the 
value of German science iu the light of tlie war, it may bo 
mentioned that exactly tlie same views were exiiressed in 
earlier editions; I have seen no reason to modify my opinions 
on the subject. 

• 

Thk Physical Ohrmihtby naPABTiiaiiT, 

The Uhivebbety ov Glasgow, 

. 5epCsm2wr, 19lB. 



INTRODUCTION 

At tho present time it is not altogether easy to say on what 
lines a text-book of Organic Chemistry should be written. 
To state in the preface that the Author ** hopes it will supply 
a long-felt want” is not always an iiyudioious ihethod ^ 
announcing the Author's belief in tlie readers of text-books. 
For if the " long-felt want" of the public is to have a re-state¬ 
ment of all the old facts once more, with nothing new, bo 
ciitioal faculty shown, and an obvious lack of evidence that« 
the book can be used to broaden our outlook on other sciences 
as well as chemistry, then no doubt the desire,of the pubUo 
for the time being is satisfied. 

It is certainly to be regretted, howevei', that so many books 
on Organic Chemistry are published regardless of the fact that 
Organic Chemistry is a growing science. If ono wants to 
know about a new piece of country, to obtain a large number 
of photographs all taken from the same place, is obviously a 
foolish thing to do. Yet book after booi}c on Organic Chemistiy 
is published, covering the same ground, with a fine disregard 
of the fhet that to the pioneers the outlook is constantly 
changing. A book that has practically nothing gew in it, 
except the description of a few more compo^ds, is uimeecT sory. 
Fortunately, however, there 4re some text-toks whibh tire not 
mere narrations of facts, and which do point out not only 
what has been done, but what might be accomplished, and 
which do make the reader think. 

At no time, moreover, is a change wanted in the method 
of writing texb'books more than at present. ^ Deluged as We 
ore with unnumbered foots which have often neither expla¬ 
nation nor obvious coimection witi)i one another. Organic 
Chemistry has become a vast rubbiA heap of puzzling and 
bewildering compounds. The sanguine diemist expresses a 
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hope that some day, perhaps, a few of these may be mefoL 
All knowredge ouglit to be useful, even that obtained by the 
manufactpre of the thousands of new substances whi(di are 
annually produced in chemical laboratories But where is it 
to stop? Wfien one looks at Beilstein's *'Handbook" or 
Biohler's "Lexicon," or takes up a cuixent volume of any 
chemical journal, how many of the compounds or the papers 
are of interest even to the most enthusiastic chemist? The 
game of permutations and combinations goes on, tlie chief 
object apparently being merely to supplement the already 
existing myriads of laboratory-made organic compounds. 

H 0 W 4 out of all this undigested moss, is the writer of a 
text-book to glean what is of interest or tell what ought to 
be taken and what left ? The result is that many text-books 
1 ^ not much more than almilgcd chemical dictionaries. The 
only tax on the reader’s mind is to remember as many facts 
as possible. The text-book is rare that stimulates its reader 
to ask. Why is this so' or, How docs this connect with what 
has been ro^ elsewheio ? 

Indeed, it is not inconceivable that a useful text-book 
might bo written on the constitutional formula of a single 
organic compound; for instance, alcohol. Its manufacture 
and physical properties would have to bo considered. This 
would necessitate a knowledge of many typical organic com¬ 
pounds, and also of many kinds of reactions. The evidence 
thus obtained could tiien be summed up for the purpose of 
expressing all tliese facts by the chemical formula. Here 
the theory of the constitution of oiganic compounds wqpld 
have to ^ dealt with, beginning with the ideas in vogue at 
the beginning of* last century: Beizelius’ Eleotro-ohomical 
Hypothesis, of how the nature of the elements present had 
the chief influence on the properties of the compound; Dumas’ 
l^po-thcoiy, and how he was the first (about 1840) definitely 
to recognize the arrangement of the atoms m the molecule: 
how this idea took about a quarter of a century to get into 
the text-books^ how Franklond, in 1852, started the idea of 
valency, from which sprang the modem ideas of chemical 
stracture and linking of atoms; how Eekuld Jrst definitely 
put forward the idea of the quadnvalence of carbon; how 
Crum Brown, in 1866, suggested the present form of graphic 
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formulie oud pointed out that they were *‘not to indicate 
the physical but merely the chomicd position of the atoms.” 
All these ideas have more or less centred round alcohol and 
its derivatives; and any one who carefully had folfowed the 
reasoning that led to tliese various mechanical methods for 
representing by a chemical formula the molecular structure 
of organic compounds would be in a position easily to recog¬ 
nise that our present ideas must in future suffer change just 
as they have done in the past. 

llerzelius’ ideas were those of a great mind; but in his 
day narrower theories were necessoiy for the more detailed 
development of chemistry, numas’ Type-theory, on the other 
hand, was too naxrow; it was a very restricted system of 
classification, and one that led to -ipauy false analogies. Up 
to the present day, the Frankland-Kekule conceptions of 
valency and grapluc formulas ha\o held their own, but theite 
are signs that these, too, will have to be modified; physical , 
as well as chemical properties will have to bo accounted for. 

The present volume should be of great use to students of 
organic chemistry. The subject-matter is put in an eminently 
lucid form tliat enables the reader easily to follow all the 
ai^uments, while at the same time his critical faculty is 
stiniulaied. Thu book, moreover, is unlike so many mudom 
text-books in tliat it is not a mere compilation of facts; 
several novel theories on organic chemistry are dealt with, 
theories tliat up to the i)rescnt can Ipirdly be said to have 
assumed definite sliapo, but which rather point to the paths 
along whidi the pioneers of the science are likely to go in the 
immeiUate future. • 

J. NORMAN COJxLli:. 



CONTENTS 


OHAraU ^AOB 

iNXBODVOnOH.3C 

I. ObGAHTO GhISMTBTRT in THN TWNNTlBTn Cbntitry ... I 

II. Thx SfONO-OTCUa Tbspeheh. 

1. Introdnotocy. 

■ S. The Synthesis of Terpinool ^. 

3. The Decomposition Pioduots of Terpineol. 

4. The Constitution of Diponteno. 

6. The Constitutions of Torplnoleno and Terpiuene , 

6. Terpin and Cineol. 

7. The SyntheaiB of CarYestreno 

8. The Synthesis of Ifeuthone 

9. The Decompositions of Monthoiie 

10. The Synthesis and Constitutions of Monthol tuid Menthene 

11. The Constitution Of Pnlegono. 

III. Thu Diovomc Tkrpknks. 

A. The Camphene-Bornylene Oroup .... 

1. SyiithoROR of Camphoric Acid .... 

2. The Synthesis of Camphor .... 

3. Borneol and Campbano. 

4. Botnylenik. 

6. The Decomposition Produots of Camphor . 

6. Camphene. 

Fenckene and its Derivatives . 

• 1. The Syntheses of Penohone and Fenohyl Alcohol 

^ 2. The DeoampositionB of the Fonchones 

0. Finene . 

1. The Constitution of Finene .... 

2. Finonlo and Pinlc Aoids. 

D. Intramolecular BearrangetHents in the Dicifclic Terpenes 


IV. The OiiBvifio Tebpbneb . 

A. IntrodueHon . . 

B. Isoprene • • ■ 

* G. OitrofuUal • • . 

D. The Ciiral Oroup • • 

slii 














xiv 


CONTENTS 


•mkrtn. 

1. Oonetal . .. 

2. Melhyl-heptenono. 

9. Goranic Aoid. 

4. Khodinio Acid, llhodinol, and Bhodlnal 

5. OltiaL. 

6. Oacaniol, Nertil, and Linalool . 

V. Hubbib.^ 

1. Intrgduotory. 

2. The PropertieR and Constitution of Natural Rubber 
^ S. The Angto-Ftenoh Synthenis of Artifioial Rubber 

L Natural Rubber and the Artificial Rubbers 



. M 
. 27 

. loe 
. 108 
. 107 
. U1 
. 118 


VI. Tbb Ai.kam)idr. 

A. QenenU . 

B. Mdhoda employed in the IktermiiuUioH of Alkaloid i 

tiofM. 


'auikn- 


117 

117 

118 


C. The lifrrolidine Qrotip .120 

1. Nicotine . .120 

2. Trlplnone, Tropine, anc! ip-Tropiue .... 124 

3. Tropio Aoid .120 

4. Atropine.127* 

5. Ecgoninp.127 

6. Gooaino.129 


D, The QuMioKne Group .129 

1. The Constitution of Oinohonino .129 

2. The Constitution of Quinine.184 

3. Cinchonidine and Conohinlne.130 


E. The leogumoiMie Group .185 

1. The Constitution of Papavoriu) .185 

2. The SyntheaiK of Papaverine.138 

8. The Synthesis of Laudanosinc.140 

4. OpianioAoid . . . . 141 

0. The Oonstttution of Gotamine . - . . 142 

6. The Byntheus of Ootamino.148 

7. The Synthesis of Hydrocotamine ^ 160 

8. The Constitntian of Narootine . . , . m 

9. The Synthesis of Onoscoplne and Narootine . 162 

10. The Synthesis of Naroelne . .102 

11. The Synthesis of Hydrastinlno.154 

12. The Constitution of Hydrastinine .... 166 

18. The Synthesis of Berberlne.166 

F. The PhsnanthrsM Group . .168 

1. The Relations between Morphine, Codeine, and Thebaine 168 

2. Methylmoiphtanethine . ^ , . 162 

8. The Btmoturea of Morphine and Codeine . .161 

4. Thebaine.164 

6.Qhiuoine. 166 


6. The Relations between the Isoqulnollne and Phenan* 
threne Alkaloida.166 






















CONTENTS 




MRU 

O. TAfl PKfiM« Qrouf . 

*1. The S7Bthwi4 of Uric Acid 

2. The SjrntheeiH of Theophylline 
* 8. The flyntheels of Gaffeiiie 

4. The SynIhedM of Tboohcomiue 
6. The Byntheeie of Pmine 

H. ThetOtyotakne Chrov^ 

1. The (lonetitution of Ihloceipine 

5. Tsopilooerpine end PikeilnQ 

3. The Hyntheais of Histidine 

I. home DenvatWLn of Ehgot and Vmi ^lUtes 


MM 

*m 

idB 

m 

in 

179 

178 

174 

175 
17B 

179 

160 


VII. Twf PoLYPLniDEe . . 184 

1. Introductocy 184 

9 Methods of Kynthosi/ing Polypoplldee . 186 

*8. The Kobemblaucee Iwlisoon the Polypeptides end the 

Pzotoins 191 

1. ThePcotoiiis 199 

• • 

7111. THJb OiiiiOBOvu\Ui PuouLi« . 197 

1. Introduitot} . . 197 

9 Amotphous Ghluiuph}!! .iiid. so colled “Crystalline Chloro¬ 
phyll'’ . 199 

3. 3'ho Stmccure of Phytol 901 

i Chloiophyll-a and Uhlorophyll-6 209 

6. PfaiTiophytins and Ph«ophoTbides 904 

0. Tho Decomposition of Chlorophyll by AUcali and b> Acid 206 

7. Intxamoloeular (hangos in tho Chlorophyll Nucleus . . 908 

3. The Magnesium Atom lu the Chlorophyll Moleeule . 210 

•} The Btruotures of AStiophyllin and iliStioporphorin . 911 

10. Tho Belatlons between Chlorophyll and Ilicmiii 219 

11 Conolufaion , 818 

IX. Ths AnxnoaiAviNb . . 217 

1. Introduotory ... . . 917 

9 4?bc Methods of Extiaoting the Pigments from Flowers 918 
*3. Tho Oonstitutions o£ Oyaniu and Cysnidin . 990 

4. ffhe Properties of Oyanin and Oyanidm Chlorides 999 

6. The Synthesis of Pelatgonidm ... . 896 

U. The Oonstitutioiia of Delphlidn and Delphlmdin 926 

7 Other Anthooyaoins. ... 897 

6. The Anthooyanins and the Flavones . . 999 

9. Tho Origin of Colour Variation m Plants . . 880 


X. SoM Thbob^b of tbx Natobal Sthxhbsbb of Vital PBODUom 984 

1. Introduotory. ... 984 

9 The Oeneral Course of Vital Syntheses and Degradations . 988 
• 3. Possibla B eae tio ns in Vital Syn th s o e s 940 

4. The Frodttotion of Carbohydrates.946 





XVI 


CONTENTS 


rHAPTHB PAbI 

5. Oollio’B Theory of Enzyme Action.247 

6. A Dyiiamio Fonnnla For Iho Sogars .200 

7. The PolykPtidoR.^ . .201 

H. The Helaiioue bolwoon the Carbohydratoa and the Polyko- 

tldCH.200 

9. The C'arhohydiuteR, Polykctideu and Penzoue DerivatlveR . 260 

10. The Pormaiioii of Pyronee and PyridinoR fron the Uarbo- 

hydrato<i.262 

U. The Genesis of noma Plant PiKmontb .... 268 

12. The Alkaloidul Rkelotonn. . 260 

IS. The Matnnil K\ut hoses of Pyrrol Deri%.ildves . 26R 

14. Branched f'hainn and Turppiio Uouipounds 260 

10. The hVirmatiun of llie Fatn .... 271 

l(i. SyntbohCb and Iicgradatlons of the l^oteinh . . . 272 

17. Oonclu-*un ... ... .277 

■ 

XT. TmvAr.RHT Cakbon .... .... 279 

I. Triiihonylmi'thy]. .279 

2. The Tnvalciit Carbon H^poihneiK ,282 

S. Thu jrc\aplienyl.etham'lly^othesib . . 2H6 

4. Quinonoid Ut pothebcH ... . 28^ 

5. The Tantomprism llypoUiesiH ... 290 

6. Thiophene Analogues of Triphoiiylmethyl 299 

Xll. (>rHr.B EfiPMUHi's wuu ii uriirniT AiwoitMir. Valuncy . . 3(X) 

A. InlmhuUmi . ... 300 

K. Triofilttu Tjeutl .... ... 301 

11. PiiHilentand (Jumliii’iUent Ntlruijfn 301 

1. The Tetia-iiryl-hydnuincs and their licdetionB . . .101 

2. Wipland’h llypotlipsis of Dhrfloni Nitrogen . . S04 

.1. Sto\Tart'<i Applipution of the Guinonoid llypothpsis . 305 
1. A Derivative roiitaining fjuoiirivalpnt Nitrogen . . 808 

1). Dirivativca of Muwmlmt Sulphur .809 

E. A JktiratiM of MomvaUnt Otypen . . . 311 

F. Mmujvatfni Mercury .813 

G. ConeUtaion ... .... 318 

c 

a 

XTII. Modiern FoRuunAi arti tiu! 1B FAiijiRaB.810 

XIV. SoKH Unboi.vrd Probt<iuis. .828 

. 841 

. 846 

At end 


Indrx ok Nahtr ... 

fRORZ OK SUBJI.CT8. 

Tabul or Tin: Dbcumi'Obitioiib ov GiinoBormnn . 






OHAPTEB I 


OBOANIO OHSMISTBT IN THE TWENTIETH OENTURT 

< In the form in which it exists to-day, oigonic chemutry may 
be said to take its root in tbo work of ]<Vankland‘ at the 
middle of last century. Once the doctrine of the constancy of 
talency was accept^, the way was open for Oonper^ and 
Kekold^ to bring order into tlie vast mass of matej^ which 
had been accumulated in earlier times; while, later, van't 
ftoif ^ and Le Bel ‘ carried the ideas of molecular arrangement 
put of two dimensions into three and laid the foundation of 
our present views. Following in the track of these pioneers, 
the chemists of the latter half of the nineteenth eentuiy 
rapidly developed the theoretical side^of the subject; while, 
on the other liand, the modem structural formula lent to 
synthetical work a certainty which had previously been 
unknown. 

Despite the Briarcan efforts of the synthetic school, it is safe 
to say that the latter half of the nineteenth century will be 
regarded as a time when theoretical speculation played the 
main part in the development of the subject. Of the hundred 
thousanc^ organic compounds prepared during that time, the 
majority were still*Bom and their epitaphs are inscribed in 
BeUstein's Handbook. Compared with the great daiifying 
ptoeess which laid the basis of our modem views, they wei^^ 
but little in the balance. 

Xhe new century opened under different auspices. At first 

^ NnnUuid, PMi Tram., 1862,141,417. 

■ Ckmper, PhU. Mag., 1868, It., 18,104. 

• SdnU, 1866,187,128. 

• Tu'tOeff, VoorM MuUbrMdiiifider struOrntr fmmikt in da mmla 

(1874). 

•'XieB4.BiiU.iO0.oMM., 1874, Uh ». »7. 

- I • B 



3 RECENT ADVANCES IN ORGANIC CHEMISTR^. 

it seemed as though the discoveries in decfcronic physics would 
have their reaction upon our structural views; *but though 
several attempts ^ have been made in this region of*the subject, 
organic chemists in general have not welcpmed them with 
anything like whole>hearted encouragement. There is a feel¬ 
ing, apparently, that in abandoniug the usual structural 
formulas and replacing them by dectronic symbols the subject 
is being complicated instead of simplified; and this feeling, 
whether it be due to scientific caution or to mere conservatism, 
has certainly carried the day for the present. It seems pro¬ 
bable that the lack of a concrete model has been one of the 
drawbacks from which the new movement suffered. Struc¬ 
tural chemistry and the conception of molecular , asymmetry * 
owed more than we can estimate to the fact that they could 
be illustrated by mechanical devices which rendered them 
easy of apprehension by the multitude; and it seems possible 
that, if electronic models could be contrived,^ their appearance 
would stimulate the chemical imagination much more rapidly 
than any mere written efforts can do. 

During the last fifty years the flood of sjmthetic material, 
principally from the German laboratories, has tended to 
obscure the genesis of what we still, out of respect for tradi¬ 
tion, term organic oheinistiy. In its early days the science 
was devoted to the study of compounds produced by natural 
methods in plants and animals; and it is interesting to find 
that daring the new century a return has been made to the 
older field. 

The twentieth century was hardly begun, when in 1903 
Komppa devised a synthesis of camphor, and thu» cleared up 
a problem which had engaged the attention of man^f investi¬ 
gators. Later came the wArk of Perkin and his a^ool in the 

* Nelflon and Valk, SflAooI of Mina QwsrUrlyt 1009, 80, 179; J. Avar, 
gh&m. 8oc., 1916, 87, 274; Nelion, Baans, and SUk, ibid., 1918, 88, 1810; 

and Nelaon, ibid., 1910,88,1687; 1911,88,1140; J!Uk, ibid., 1912, 84^ 
1041; NoTes, ibid., 1919, 84, 668; Fzy, ibid., 1919, 84, 664; 1914,.86,948,969, 
1086; 1916, 87, 886; 1916, 88, 1898, 1897, 1888; Zoiitnh. phynkai. Ohom., 
1911 , 78, 886, 898, 691; 1919, 80, 89; 1918, 88, 666; 1916, 80 , 468; Stark, 
Jdhrb.BadiodmEkebrooik, 1908,6.194; 1900,6,19; 1919,9,16; PhyMkai. 
Zeikeh., 1919, 18, 666. 

* Banuay (Pnw. Btqf. Soe., 1916, (A), 88,461) devised a eleotrioal 
model whloh may be oapahle of elaboration. 
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teipene group, which gave a fresh impetus to study in this 
brandi of thcT subject. 

In the ejkaloid series great strides have been made, both 
in determining constitutions and in devising synthetic methods 
of preparing the natural substances; whilst the examination 
of plants and the extraction from them of new alkaloids is 
proceeding apace. 

In the carbohydrate group the problem which looms behind 
most of the modern investigations is the constitution of the 
celluloses; and the work carried out by Cross, Bevan, Purdie, 
Irvine and others is leading us gradually towards a solution of 
that intricate enigma. The celluloses have extremely compli¬ 
cated structures; and it is only by breaking up their molecules 
into simpler compounds and then identifying these that we 
can hope to determine the constitution of the parent substance. 
The first step in this direction is evidently to obtain and 
identify readily purifiable carbohydrate derivatives such as 
methyl ethers, acetyl derivatives, eta Then by methylating 
or acetylating celluloses themselves previous to breaking them 
up, it may be possible to recognize among the decomposition 
products certain well-defined fragments which will permit of 
guesses being made at the structure of the original molecule. 

Much more complicated is the riddle of the protein molecules. 
Although there is a surface similarity between proteins and 
celluloses owing to the fact that both molecular types are liable 
to fission under the action of hydrolysiug agents, the decom¬ 
position products of the proteins ore far more complex than 
those resulting from the break-down of celluloses. Fischer’s 
work on tlia polypeptides has been a first step towards a more 
exact kndwledge of tjie protein constitutions; but it is a very 
short step ofi a very long road. 

The methods devised by Fischer in his investigation of the 
polypeptides served him later in his researches on the tannins. 
In 1912, he put forward the view^ that the natural tannins 
were folly estoiified glucoses in which digalloyl nuclei replaced 
the hydrogen atoms of hydroxyl groups; and this conception 
of the tannin structure was justified by his synthesis of penta- 
m-digalloyl-j3-glacose, which closely resembles Chinese tannin 

* For a full aooount see HMher'a laotore, J9W., 1818,46,8368; also Flsoher 
and Beigmann, aWd., 1918,61,1760; 1919,68 [B], 839. 
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in its properties. Ilie striiotnie of this oomponnd may bs 
represented by ** 

CHj01t.CH(OB).CH.OH(OR) OH(OR) OH(OB) 

--- 0 - — ' 

in whudi the xedicle B is the digalloyl nndeiu 

OCHs 



CSompounds of this type bdong to what is termed the depnde 
group, depsides haiTig compounds obtained by linking the 
carboxyl radicle of a phenolic carboxylic acad to the hydroxyl 
radudo of a second molecule of the same compound ^hen 
two molecules are thus joined the compound is a didepside, 
when tlirce molecules are linked together in the chain tie 
product IS termed a tzidepsido, and so on Foi example, the 
formula 

HO.CoHi.CO 0 CbHi CO 0 CeH* COOH 
is that of a tndcpside 

It must not be assumed, however, that Fischer^s researches 
have given us the key to the structure of all classes of tannins, 
since liemlock tannin, for example, contains no sugar group in 
its stiucture and hence cannot be constituted in tins way at alL^ 

Turning to ncitural pgments, it will be found that the 
present century has seen a great advance in our knowledge. 
Kostanecki’s researches on the ilavone derivativef^ establidied 
the constitutions of many of the natural dyes. Wfll^tattM^s 
woik on chlorophyll has given us some insight into the nature 
of that mysterious substance, though it wotdd he going too to 
to nlftitn that even yet we know much about the chlorophyll 
struotnre; whilst in the field of fiower pigments the same 
investigator established the general character of the antiu^ 
oyanins and has piactioally reduced future^work to a stoeo* 
typed line. 

Th^ examination of the colonxing matters of the blood and 
of the bile has opened np yet another branch of pure "«oigaiiio 

> Muuiliix ud HiAEMDtiitlii, SVoM., 1019,11^ d00. 
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and tihe punlldism establi^ed between bm&ia 
and ohiosqdiyll anggeste moat inteieating lefleotiona aa to the 
erijgin of tim two natural aubatanoea which {day ao great a 
{Alt in animal and vegetable economy. 

The Anglo-Ftenoh ^theais, of artificial rubber funiiahea 
one of the moat atriking modem examplea of international 
collaboration, and forma a happy augury for the future. 

So much for the efleota of a return to the original aiina of 
organic ohemiatry. When the purely aynthetic aide of the 
anbjeot ia examined in turn, it muat be admitted that the 
reaulta are of leaa general interest Of “new’* compounda 
there is no lack; but of “interesting" substances there ia 
a distinct dearth. Two classes, however, stand out with 
refreshing cleamess from the chaotic mass of laboratory by¬ 
products : the ketens and the tiiphenylmethyl derivatives. 

The ketena may be regarded as a new typo of ftnhydride 
derived from acetic acid or its substitutiou piquets:— 


H on 



In virtue of the ethylene-carbonyl grouping whioh they 
eontain, the ketens are mtenacly aotive and unite with many 
reagents with the utmost readiness. Thus with water they 
regenerate the parent acids; with alcohol they yield the 
corresponding esters; with hydrochloric acid they give the 
ohloro-derivatives of the parent acids; chlonuo acts on them 
to produce chloivacylchlondes, ammonia yields amides; aniline 
producei anilides; and on reduction they give aldehydes. Left 
to themselvea, they*polymerize with more or leas rapidity to 
tatBamethylene denvatives and more complex substances; and 
they readily oxidize m air. With compounda containing 
double linkages they combine with more or leas readiness, 
forming cyolio oomponnds with four members in the ring:— 

(GbH5)»C-9=0 

C^iOH—K. CA -jr. C|H, 

la the ease of certain oyolio bases a similar reaotion reaulta 
in the fonnation of what have been termed keten bases. Thns 



6 RECENT ADVANCES IN ORGANIC CNEJU/STMV ' 


with pyridine and dimethyl-keten the produot is dimethyl- 
keten-pyridine: 

CO _. 

(CH,),C^ C(CH,), (CHiOiC (IlCCH,), 

The keten class was discovered in 1905 by Standingor,^ and 
the method of preparation devised by him depends upon the 
removal of two atoms of a halogen from the halide of a 
halogen substituted acid by means of metals:— 

Br Br 

I I -2Br 

Ea:C—C:0 --» : C«C : 0 

Later, Wilsmore and Stewart* showed that the parezA 
substance, keten itself, which had not then been isolated, 
could be obtained by treating acetic acid or acetone with an 
electrically heated wire, which removed water in the oue Case 
and methane in the second instance. 

Though the ketens afford many points of interest, their 
actual bearing upon theory is not great. The triphenylmethyl 
and dipheuylhydrazyl derivatives, on the other hand, suggest 
problems which go down to the very root of our ideas of 
valency. It is perhaps too soon to sky that the study of this 
series will entirely modify our views on chemical affinity; but 
the progress which has been mside certainly suggests that the 
last has not yet been heard of the question. ^ ^ 

On the technical side organic chemisto have no;t been idle. 
The great dye industry pours out its flood of colour: and 
although as a general rule its products have a commercial 
rather than a scientific interest, two classes deserve notice here. 

Vat dyes are those which, like indigo, are almost insoluble 
in water, but yield on reduction leuco-compoundB soluble in 
alkali. The actual dyeing process is carried out by impreg¬ 
nating the fabric with the leuco-compound and then allovring 

*■ BUudlnger, Ber., 1905,88, ifSS. 

* Wilemore and Stewart, Nature, IWJ, T8,610; Wilsmore, Trane., 1907, 
91. 1986. 
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or fSnciiig oxidation to take place. The earliest example of 
the anthraquinone vat dyes, indanthrane, was produced in 1901. 
It is prepaipd by fusing 2-ammo-anthnqainone with alkali, or 
by condensing l-aadno-anthraquinone with itself:— 



which can be producdd by heating 2-amino-anthraqumone 
with alkali to a temperature higher than that required to form 
indanthrene. Indanthreno is a valuable dye-stuff of greater 
stability than indigo; whilst ilavanthrene, though giving a 
blue vat, ^yes cottrai yellow. 

Another class of anthraquinone vat dyes are the acyl deriva¬ 
tives of amino-anthraquinones. For the most part these are 
ydUow or orange in ^our, whilst the anthraquinone-imines 
vary in tint from orange to red or claret colour according to 
their constitution. , 

In 1906 Friadlander ‘ discovered the tiiio-analogue of indigo 
in which the two imino groups are replaced by sulphur 
atoiqs; and this substance has become the foundation of a very 

' Frledlinder, Ber., 1906, St, 1060. 
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azteoBive group of dyes. The following scbeme shows one 
method of synthesis — • 


/ Yh, _ DiuotiES OH^OOOH 

I^GOOH + HSOH.WOH'^^^jboOH ° 


->j| I CH OOQB 

N^^oo/ 




/V \ 

I 1 CH, 
\^\co/ 

Tfalo mdoxyl 


/x/N /®v\ 

II I 0 = 0 1 I 
\-^\oo/ \oo/^^ 

Thio mdigq, 


Thio-indigo imparts a rcddish-violet colour to the. fabric, 
and modihed tints can be piodnced by uamg the ammo or 
halogen derivatives Further changes in colour ore obtained 
by condensing together one isatin ^nd one tluo-mdoxyl group* 
producing mixed stniotures — 




\ 


c-c 




\^\ oq / \nii ^ 


Violet A. 


/\/®\ /*\ 

and II OaC NB 

\^\oo/ — / 

Scarlet 


whilst by unitmg thio-mdoxyl with diketoacenaphthenequmone 
the valuable dye thio-indigo scarlet is Obtained — 




\^\oo/ 


“K > 

•> 



Synthetic drugs have been produced in laige numbers in 
recent yean Of these the most important is salvaisan or 606» 
which is dihydroxy-diamino-arsenobenzene dihydraohlonde. 
It has been used with success to kill the s^iroohate which 
produces syphilis, though, of course, it has no eflbet in re* 
paixing the ravages already caused by the disease if treatment 
has b^ delayed. Another organic arsenic derivatiYe* em* 
ployed IS atoiyl (also known as aisamm orsoamin), whiohif 



w rm r\(y:gifT/£(T»cMjmfxr - ^ 

tUMr moiio*B0dinm salt of j^-aminopheoyl-azBOntc aekL It )t' 
sfiiaily Qtilissed in cases of sleeping sickness. Both of these 
^mgs, if need inoautidosly, may produce blindnesSw 

Numaioas new local anaosthetics are now known, such 
as stovaine, novooaine, and jS-eucaine, adrenaline has been 
flyntheeiaed; «and the constituents of ergot are now menu* 
Ikctnied for pharmacological purposes. ^ 

The modem explosive industry need not be described here. 
None the less, it has risen to heights which were not antici¬ 
pated by any one before the war. 

The new century has already seen the employment of fresh 
types of reagents; and some account of these must now be 
given. • The most widely applicable of all is that which we 
owe to Grignard.^ The rush to apply this new synthetic 
weapon exceeded anything previously known in the history 
of organic chemistry; mdeed, the original discoverer was left 
almost out of the race; and hundreds of papers testified to 
the general eagerness to try the applicability of the mag¬ 
nesium alkyl derivatives to all sorts of problems. Owing to 
its simplicity and certainty the Gngnard reaction stands 
almost m a class by itself. 

Next to it comes the reduction method of Sabatier and 
Senderens,* in which admixture of hydrogen and the substance 
to be, reduced is passed over a heated layer of finely divided 
metal. This reaction also has been minutely studied; and the 
relative catalytic valueslof various metals have been tested. 

A reagent which found wide application m the earlier 
years of the centuiy is “ Caro's acid,” prepazed by mixing 
potassiumipeisulpliate with concentrated sulphuric add. The 
permonfisulphuiio add thus formed is one of the most interest¬ 
ing oxidising agents at our disposal. In general, it is power¬ 
ful in action; but it may easily he regulated so that the 
m^ sensitive intermediate compounds can be isolated, os in 
the case of the production of nitroso-bensene from aniline. 

Osone is not exactly a new reagent in oiganio obemistiy; 
hut its real usefidneBS was not recognised until Harries mode 
I; thorough examination d its action. It attacks ethylenio 
linkages and forms osonides which can be deepmpos^ hy^ 

I OdgUMd, Oomfk rwd., iMO, im 
. . * and BaadwaiM, Oon^ rmd., 1^, IM, 616. 
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water, yielding decomposition products of the original un¬ 
saturated compound. The reaction in the case of*citral will 
be suflficicnt to show the results which are to be expected :— 

(CHa)aC ^=^011. CHa. OHa. C---=0H. CHO 

I Citral. 

CHa 


I 0 : 0:0 

I I 

(ClIa)aC-CH. CHa. CHa. C-CH. CHO Citral oaonide. 


<i:0:(!) 




(Cir 3 )aC() -I- OCII. CHa. CHa• CO + OCH. OHO 

CHa DocompoBililon products^ 

It will 1)0 seen that the ozoiiido method furnishes a means 


of dcternuning the constitution of ethylenic derivatives; but it 
must be noted tliat its application is limited by certain sharply 
defined cunditiuiis. The ease with which ozone acts upon the 
particular compound under tost, the readiness with wliich the 
formed ozuiiido decomposes,* and the stability of other radicles 
in the nucleus agaiust attacks by ozone all tend to circumscribe 
the utility of tlie reagent. 

On the theoretical side of organic •chemistry, to which we 
must now turn, Thiele’s views have exerted a considerable 
influoiice during the century. It is very seldom that any 
theory is accepted immediately after being published; usually 
a considerable time is required during jwhich the flhennoal 
world assimilates the author’s views in a more or less uncon¬ 


scious manner, until some day they find their way into text¬ 
books. It is a, remarkable tribute to the value of Thiele’s 


theory that it became a classic almost os soon as it was 
publislied. 

The Thiele theory ^ is based upon the following assumption: 
In the cose of a double bond between two atoms, it is supposed 
that the whole of the affinity of the atoms is not used up, but 


* Tho ozonidcH arc ezplosiTe snbiituioes. 
' Thiele, Annaleu, 1899, SOS, 87. 
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that in addition to the attractive force which is utilized in 
joining the two atoms together there is a slight excess on each 
atom. This slight excess of valency Thiele designates by the 
name Partial Valency, and to ^is presence he attributes the 
additive power which uusaturated compounds display. To 
represent th# partial valencies, Thiele employs a dotted line, 


thus — 

H R 

R.C. Tl.C. R.N 

II II II 

R.0. 0. K.N. 

H 


Now, when we come to the consideration of such a system as 
R.CH:CH.CH:CII.E 

vre find that it sliows one peculiar property in connection with 
addition I'eactions. Since it contains two double bonds, it 
'might be exiiectcd to take up four atoms of hydrogen or 
bromine at onue, or at least to take up two atoms of bromine 
or hydrogen at one of the double bonds. In other words, wo 
should expect to find one molecule of bromine attacking it first 
with the formation of the compound — 

K.CnHr.CTIUr.CHiUir.R 

to which another bromine molecule might be added, giving the 
tetrabromo-compound— 

II.CllBf.Olllir. CHIir. CHBr. R 

In practice, however, the first molecule of bromine does not 
attack either of the double bonds; it attacks them botli at once, 
witli tlio formation of the compound— 

R'. CHBr. CH: CII. CHBr. R 

in which both of the original double bonds have disappeared, 
while a new double bond has been formed in the centre of the 
molecule. If we write out the scheme of partial valencies for 
the original substance— 

. R.CH:CH.CH:CH.R 

i I I i 

it is .evident that only the two at the ends of the system liave 
the faculty of attracting bromine, the two middle partial 
valencies failing to act^ In order to express this behaviour 
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Thiele writes the formula in the following wa 7 , in which the 
two central partial valencies are supposed to have neutralized 
one other:— • 

Er-CH—CH-CH^CH—E 

i ! 

We can symbolize this behaviour by supposing that the 
carbon atoms of the chain are charged alternately with positive 
and negative forces; the two central atoms wiU then neutralize 
one another, leaving the ends still charged— 


+ — + — 
E.CH:CH.On:OH.E 


+ “■ 
E.CH:OH.CH:CH.E 


Such a system Thiele terms a Conjugated DouUe Bond. 

If addition takes place in the case of a conjugated doulde 
bond, obviously the two now atoms w ill attach themselves at 
the ends of the chain in the posibio.i indicated by the free^ 
partial valencies. But this does not end the matter: for no 
sooner has addition taken place than the conjugation is de¬ 
stroyed ; and hence a new double bond will be formed between 
the central atoms of the system— 


E.CH:C1T.CH:0II.K 



Br -Br 


E.CJH:CT^C11:C1I.E 
Br lir 


E.CH.CH:CH.CH.E 

I i i I 

Br Br 


The most striking application of the Thiele thoory,Jiowev6c, 
is found in the case of the lienzene ring. If.we write down the 
Keknl4 formula for benzene, and fill in the partial vatencies in, 
the usual way, wo arrive at the following figure:— 


/P-X 


y 

H H 

CH 

HO 

II 

1 

CH 

HC 
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An examination of this system will show that it fotma 
a saw of c(mjugaled doiMe bonds. In other words, it 
can be Witten as shown below, and no free partial valencies 
exist in the system. Thus an explanation is furnished for the 
impossibility of produoing addition products with benzene under 
ordinary conditions. 



Though the theory of partial valencies has very widespread 
application, it is not absolutely accurate; for several cases are 
known in wliich it is not in accordance with tlie results of 
experiment.^ * 

, As far as the benzene nucleus is concerned, the question 
which has excited most interest recently is the orientation of sub¬ 
stituents in the ring. For example, when chlorobenzene is 
nitrated, a mixture of ortho- and para-chloro-nitrobonzenes is 
formed; whereas when nitrobenzene is chlorinated the product 
is mainly nicta-chloro-nitrobenzeno. Thus when the chlorine 
atom is the original substituent it “ directs ” the entering group 
into the ortho- and para-positions; whereas if the nitro-group bo 
originally present it influences the entering substituent towards 
the meta-position. Thy only simple rule formulated so far has 
been that suggested by Orum Brown and Gibson,^ which may 
be stated as follows. Write down the formula for the mono- 
substitut^^d benzene compound which is to be further acted 
upon. • In this formula replace Colls by H. If this new com¬ 
pound con be oxidized directly to a higher stage of oxidation, 
then a meta-derivative will result from further substitution of 
Uie original benzene compound; but if no such direct oxidation 
of the hydrogen compound is possible, then ortho- and para- 
derivatives will be formed as the main products in further 
substitution. For example, take the cases given above. If we 
start with Ce^s.NO, and replace the phenyl radicle by a 
hydrogen atom, we get HNOji. Nitrous acid can be oxidized to 

> Harries, AwuOu^ 1908,880,180; Bredt and SoUen, ibid., 888,888. 

■ Oniia Brewn and Qibec^ ZVoiu., 1892,61,867. 



14 RECENT ADVANCES IN ORGANIC CHEMISTRY 

nitric acid easily. Whence according to the rule, a second 
substituent entering the nitrobenzene nucleus will go into the 
meta-position. On the other hand, if chlorobenzene be our 
starting-point, the hydrogen compound will be hydrochloric 
acid; and as this is not oxidizable directly to hypochlorous 
acid, the rule indicates that a mixture of ortho- and para- 
derivatives will be formed when a second substituent enters the 
chlorobenzene nucleus. 

When mure complex cases are examined, the factors govern¬ 
ing the orientation of the entering substituents become much 
more complex; and as the Crum Urown and Gibson rule itself 
is not without certain exceptions, it will be seen that the 
problem is by no means a simple oiic.^ 

rassing to other subjects, intramolecular change must be 
mentioned, as in this region much work uf first-class im^ior- 
tance has been carried out since the beginning of the century. 
It would lead us too far were we tfi enter into any general* 
discussion of the problem; but one or two examples must be 
given. 

The moat striking of those is the discovery by Hantzsch of 
a new class of electrolytes which have been named pseudo-acids 
and pseudo-bases. Previons to his work, the elcctridytcs 
known to us might bo grouped under the four following heads: 
(1) Acids, which give rise to hydrogen ions; (2) Bases, which 
yield hydroxyl ions; (3) Salts, which dissociate into acidic 
and basic ions; and (4) Amphoteric •electrolytes, which ore 
capable of producing either hyilrogen or hydroxyl ions accord¬ 
ing to the experimental conditions employed. 

Now when an acid solution is neutralized by means of a 
base, the solution is acidic at the beginnings and r<.'maiu^ acinic 
all through the titration until the neutralization-poiul is reached. 
On the other hand, if we start with a solution of nitromethane, 
it is neutral in I'eactioii; and yet if we slowly add to it a 
solution of sodium hydroxide, the solution doos not become 
alkaline at once. In fact, we may liave to odd a considerable 
quantity of alkali before the next drop produces an alkaline 
reaction in the liquid. Clearly nitromethane is a neutral 

> Foe full inlormaUon on tho subjoct, soe Ilollenuui, Dm dAnhU EwfUhr- 
ung von Sub5tittiente7t in den Benaolkem (1910), and Obermiller, Die 
orienfierenden EinflUase und der Beneolkem (1909). 
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substance which, given, time, can exhibit acidic properties in 
presence of alkali. It is this sloio iirntralisaMon which dis¬ 
tinguishes at from a true acid. 

Without going into the details of the evidence, it may 
be said that intramolecular change is the governing factor 
in the problem. True nitromethaue is not acidic; but in 
presence of bases it may change into an isomeric body, the 
oci'form, which possesses a hydrogen capable of being replaced 
by alkali: so that the reaction may be inpresented by the 
following scheme:— 



Normal fonn. 



Aci-fonn. 


CHa Nf 

\ONa 

Salt. 


The slowness with which nitrometliune neutnili/es alkalies is 
obviously due to the fact that the intramolecular chahgo from 
•the iioraial to the aci-form is not instantaneous, but requires 
time for its accomplishmeut. 

The discovery of the pseudo-acids resulted in the collapse of 
Ostwald’s hypothesis as to the nature of indicators. Ostwald' 
assumed that indicators underwent a cliango of colour when 
dissociated into their ions. Thus undissuciated phenolphtlia- 
leiii, in his view, was colourless; but wlien converted into the 
easily dissociable sodium salt it broke down into ions which 
were red in colour. By adding acid to the alkaline solution, 
the dissociation of thoi phenolphthaleiii was restricted; and 
hence tlie colour disappeared. Stieglit/^ suggested, on the 
other hand, that the pr^uction of the colour was due to in¬ 
tramolecular change in the phenolphthaleiii molecule; and 
Hantz^h^ confirm^ this, showing that phcnolphlhalcin, for 
example, changes from the benzeuoid to the quiuonoid structure 
under the influence of alkali, and on further addition of alkali 
gives a colourlm solution, a fact wliich cannot be explained 
by Ostwald’s hypothesis.* 


> Ostwald, DU wUmuciMftlichen Orundlagm der analiftischen ChemU 

(18M). • 

■ Stiegllta, /. Amer. Chem. Soe., 1903,86,112. 

> Hontzsob, Ber^ 1906,89| 1090. 

* It is perhaps not without interest to noto that Ostwald in his Orundriu 
dsr dttgmeinen ChemU (1913) still gives his hypothesis as the correct one— 
a ourious example of incapaolty to grasp the bearing of organic problems. 
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In connection with intramolecular change the case of- 
tetranitromethane may be mentioned.^ Under nordial circum- 
stances, this substance appears to exist in the puce "nitio” 
form (I.), but in presence of amines or alkjl sulphides it seems 
slowly to be converted into trinitro-nitrito-methane (U.), as it 
gives exactly the same colour reactions as are observed in the 
case of alkyl nitrites:— 



yO. N: 0 

(IT.) 


This case seems to be a halfway stage towards pseudo-acid 
formation. 

At this point the progress in stereochemistry during the 
present century may be conveniently described. It must be 
confessed that though tlie period opened with high hopes, 
these have not been fulfilled by the increase of interest in tha 
subject. 

In 1899 the only two elements known to be capable of 
forming asymmetric centres of optical activity were carbon and 
nitrogen; but since then the list has been greatly increased 
by the addition of sulphur,^ selenium,^ tin,* silicon,^ phos¬ 
phorus,^’ cobalt,*^ chromium,*^ rhodium,** and iron.^** 

The whole question of molecular symmetry was raised by 
a paper of Perkin, Pope, and Wallach describing the resolu¬ 
tion into optically active componeats» of an acid having the 
following structure:— 


CIV /CH 

mV' 

r/\ 


y 


H' 


OHa—CH. 




K 

coon 


it will be recallod that in one of his earliest publications on 


> Harper and Macbeth, Trans., 1910,107, U7; M^beth, ibid., 1824. 

■ Smiles, 2Vana., 1900, 77, 1174; Pope a^ Peachey, ibid., 1072. 

’ Pope Neville, Trans., 1900, 81,1552. 

* Pope and Peachey, JfVoe., 1900,16, 42,116. 

■ Kipping, Trans., 1907,01, 209. 

* Kipping and Challenger, 2Va«M., 1911, 99, GSei^Mouenhelmer and 
Idbhtenstadt, Ber., 1911,41, 366. 

’ Werner, Ber., 1911,44,1887. ■ Ibid., 8281. 

* Ibid., 1912, 46.1228. >• Ibid., 438. 

Perkin, Pope, and WoUaoh, Trans., 1909,96,1786; oomporo Perkin and 
Pope, 2VaiM., 1911,00,1610. 
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stereochemistiy, van't Hoff pointed out that optical aotivitj 
might be expocted in compounds of the type— 



owing to tho facf that, although there is no asymmetric carbon 
atom in the molecule, the groups lii, Itg, and 1(4 are tetra- 
hedrally grouped in space, as can easily be seen by considering 
the anangomont of bonds around the central carlmii atom on 
the van’t Hoff hypothesis. The one double bond lies in the 
plane of the paper, wliilst the other must bo at right angles to 
the paper; and hence a similar grouping of Ki and in the 
plane of the paper and R9 and Jti abovo the plane of the paper 
must exist. The cyclic compound shown abovo belongs to tho 
same typo, since in its case the ring takes the place o£ one of 
the double bonds. 

Tho claim that this substance contained no asymmetric 
carbon atom was oonlestod ‘ <in the ground that tho carbon 
atom canyiiig tho metliyl group is really asymmetrical if the 
structure of the rest of the molecule be taken into considera¬ 
tion. The matter seems to bo one depending upon the inter¬ 
pretation given to the term “ asymmetric carbon atom ”; and 
the reader may form his own judgment on the question. 

Xew methods of rasolving racemic compounds into their 
antipodes have been devised. Some of these pmsent nothing 
essentially novel in conception.^ 

Much mol's original was the method devised by Marckvvald 
and Meth ^ which depends upon the difference in rapidity of 
amide fqpdhtion between an active amine and the d- and 
/•forms of aij acti\e aetd. Thus when racemic niandclic acid Wios 
heated with Imvo-mcuthylamiiie, it was found that the acid loft 
unacted upon after tho process had gone on for ten hours was 
optically active. This method is based on tho same lino of 
reasoning as the method of Mai-ckivald and McKenzie^ who 

allowed that when racemic maiidelio acid is osteriiied with 

• 

' EvareBt, Cltem, News, IflOS, 100,295; 1‘roe., 1911, 27, 2d5; lirarsh, Proe.f 
1911, 87, 317. 

* Erlonmoyor, jan., Ber., 1908, 88,970; Neuberg, Ber., 1U03, 86, 1192. 

* ICaxckwald and Moth, Ber., 1906, 88, 801. 

* Marckwald and McKenzie, Ber., 1899,88, 2130. 


0 
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menthol the reaction between the menthol and the d-fonn ie 
more rapid than ia the case with the ^id; so that by inter¬ 
rupting the process before the acid is completely^esterified the 
residual acid is optically active. 

A fresh held was opened up by Maickwald ^ in the accom¬ 
plishment of the first asymmetric synthesis^ of an optically 
active substance. In an asymmetric synthesis, an optically 
active compound is taken as the starting-point To this an 
extra radicle is added, so as to form a new asymmetric carbon 
atom. The original optically active portion of the molecule 
is then split olT; and if the synthesis is successful, the re¬ 
mainder of the substance, containing the new asymmetric 
carbon atom, will bo optically active. For example, Marck- 
wald utilized methyl-ethyl-malonic acid (I.) which contains no 
asymmetric carbon atom. He combined this with optically 
active brucine, thus introducing asymmetry into the molecule 
(11.). Now on heating tills compound, carbon dioxide is split 
oiT forming (111.), a compound which contains a new asym¬ 
metric carbon atom. Under the influence of the active brucine, 
a preference is given to one active form over the other during 
this process; and when the briicino is split off again, the acid 

(111;,. ^COOTI 

CaH./ \000 Braoiue. 

(I.) (II.) 


COOII 


CsHb/^COO ll 


COO Bruoine. 


(III.) 


Calf/^'\C0(l 

(IV.)* 


remaining (IV.) is found to be optically aotivei 

In the whole field of stereochemistry, no more puzzling 
phenomena are known than those grouped under the head of 
tlie Walden Inversion; and at the present day we still await 
a solution of the problem. The data are so complicated that 


it would bo impossible to deal with them ffdly here: all tiiat ' 
can be done is to indicate the nature of the question.^ 


1 Sfarokwald, Ber., 1904,87,849.1888, 4696. 

* For farther detaila and referenoee, see Ohm. Soe. Am 1911, 

1918, sod Stewart, 8iereoehmi$try (Sad edition). 
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W^den ^ observed that when certain optically active com-< 
ponnds were Ixeated with non-asymmetiical reagents the sign 
uf tiie rotatory power was altered in some cases, dextro com- 
ponnds being converted into lievo-isomers without any marked 
lacemization being observed. The following scheme shows 
some of these eonversions; and it will be seen that lievo- 
malic acid, for instance, can be changed into deztro-malio acid 
by the successive use of phosphorus pentochlorido and silver 
oxide; whilst the converse change of dextro-malic acid into 
the Imvo-isomer can be accomplished by the use of the same 
reagents in the same order:— 


KOH 


1-Chloro$uccinic acid 


tAspartic acid 

1-Malic acid 




1>CI, 


d-Malic add 
AtfaOj 

d-Chlorosiiccinic acid 


KOH 


Another mysterious case is that of dextro-alanine and its 
estor.^ When ^-alanine is treated with nitrosyl bromide, it 
produces 2-a<bromopropionic acid; whilst d-alaniue ester, 
when subjected to the action of nitrosyl bromide and subse* 
quent hydrolysis, yields the corresponding antipode, rZ-a- 
bromopropionic acid:— 

Doztro-alanino Nit,. GII(G IT,). GOOH—NOBr-^ LinTO*a-prop{oiiio acid. 

* NOBr and 

Dosfcto-alaniae ostor NH,.Gn(GH,). GOOEt-Doxtro>a*propionic add. 

hydrolyuiii 

Again, ^hen silver oxide acts upon an a-halogen fatty acid 
and upon the product obtained by coupling this acid with 
glycine," the results are optically different:— 

*—GH,. CHBr. GOOH -Ag,0 —> d-GH,. GH(OH). GOOH 

Z-GH,. GHBr. GO. NH. GH,. G00H-Ag,0 and hydrolj'Hifi-^ 

Z-GH,.OH(OH).GOOH 

Finally, the case of Z>a-hydroxy-a>phenylpropionic acid 

> Woiden, Bcr., 189S, 96, S13; 1895,98,12S7, 9771; 1897. SO. 314G; 1899, 
89,1888.1866. 

■ Ftsalier, Her., 1907,40,489. 

* IMd., 60S; Kaoher >and Baske, ibtd., 1062; Fiioher and Sohodlst, 
..diiiiaZM,ig07,867,ll. 
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may bo mentioned.^ When this snbstance is treated with 
phosphoroR pontaohloride it yields a d-chloro-Wd; whilst 
when thiunyl chloride is used, there is no chaiigt of rotatory 
power, the /-chloro*acid being formed ;— 


Laevo 



Olf 


^3- -»I)cxtro 




CH#/ \COOH 

C«H6\ /Cl 

ClTg/ \COOII 


Senter and his collaboratorH ^ have thrown light upon the 
matter from a different direction by examining the influence 
of the solvent on the course of the reaction. In the case of 
optically active bromophcnylacetic acid, CcHc. GHRr . COOH, 
they have shown that if this Int allowed to react with am¬ 
monia ill ariuGous or alcoholic sointiou, the amino-acid formed 
has a sign opposite to that of the original bromo-componnd; 
whilst if the solvent be lir^uid ammonia nr acetonitrile, 
the sign of the rotatory power is not rtiversed by the reac¬ 
tion. lininn-diphonyhicetic acid is formed t.o some extent 
during I lie renetioii. When a-broino-/^-phenylpropionic acid^ 
CgHs. Clla . C11 lir . COOII, is treated with ammonia in various 
solvents, some cinnamic acid is always prodnccil. 

Cnc of the most coinplicaled prohluiiis in the stei’eochomical 
field is tliat which concerns the numerical value of optical 
rotatory imwer. Two subsidiary qiidstions are hero involved: 
first, the influence of the active compound’s structure; and 
second, the elfect of the solvent in which it may bo dissolved. 
With rogard to the first of theso we are still apparently far 
from any satisfactory conclusion, though many, fimts have 
been accumulated by various investigators. Certain rough 
generalizations with regard to the effect of introducing double 
or triple bonds in place of single linkages have been made; 
but we are still far from the time when it may be' possible to 
assess the approximate numerical value of the rotatory power 
from an examination of the active compcaiud's constitution, 
9R we can do in the case of refractive indices. 


* llMkoniile and Clough, Trami., 1910, 97 , 1016, 3666. 

> Scuter and Drew, Trans., 1915, 107 , 688; 1916, 109 , 1091; Sontor and ^ 
Tucker, Trans., 1918, 113 , 140; Senter, Drew, and MarUn, tUd., 161. 
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Another problem which has attracted a certain amount of 
attention inf recent times is concerned with what lias been 
termed spatinl conjugation. It will be recalled that on the 
hypothesis of the tetrahedral arrangement of groups around 
the carbon atom, the first carbon atom in a straight chain may 
approximate closely in space to the fifth and sixth atoms of 
the chain. Similarly it is assumed on account of various 
reactions that tlio 1:4 positions of a six-membered cyclic 
compound may also be in some way closely related to each 
other. From an examination of opticiilly active salts and 
esters of dicarboxylic acids in which the carboxyl radicles 
lay -at opposite ends of the chain, Uilditch ' showed that wheu 
these groups woru sitnat-od in the L: 5 or 1: G positions with 
regard to one another anoiiialuus rritaiory powers were ob¬ 
served; from which it follows tlial tbc groups must luive 
iiiflueuccd one another owing to their proximity ill space, 
since Kli'u<;tiirully they aie far removed from each other. 

'J'he same [iroblem was attacked in a ditfei'ent way by 
Cloi'ke.^ He mciism-ed the reactivity of atoms in the posi¬ 
tions X and Y in the fornuila below, wherein X and Y may 
bo = Nit, —O— and —S All i) 0 ssible eonihiuations of 
these grou]>s in pairs were investigated:— 



It was found that wheu X and Y ai’e atoms capable of raising 
theb’ valency (for uxauiplc: divalent sulphur, which can 
become qj^adrivalent, or trivalont nitrogen, which can show 
' pcutavalence) and luay therefoi'C be supposed to be cajiable of 
exliibiting*Tesidual aflinity, the two atoms X and Y do actually 
influence each other's reactivities. Further, if X aud Y bo 
identical, their reactive power is increased; whereas if X and 
Y be diiroront (for example X = S and Y =s O) their reactivity 
is diminished. 

A fresh aspc^ct of the question is disoloscd when tlie ab¬ 
sorption spectra of stereoisomeridus are examined.''' Since these 


• ^ Ililditob, Tram., 1909, 95,1578. 

* Ciarke, Tmm., 1912, 101, 1768. 

* Macbotfa, Stowart, and Wright, Tram., 1912, 101, 599. 



23 RECENT ADVANCES IN ORGANIC CHEMISTRY 


compounds are structurally identical, the difference in their 
absorptive power must be ascribed to purely spatiKl influences. 
It was found that the difference between the absolution spectra 
of two isomeiides was greatest when the change firom one form 
to the other entailed the relative shifting in space of two ml* 
saturated radicles. When this condition was aot present the 
differences observed were slight. 

These pieces of evidence, drawn from such widely differing 
fields, certainly point to the probability that spatial corjuga- 
tion is a factor wliich may play a marked part in certain 
cases. 

We now como to a subject wliich lies in the borderland 
between organic and physical cheraistiy, namely, the relations 
between the physical properties of compounds and tlieir 
ohomiuil structure.^ Tlic problems comprised in this liranch 
have, for the most part, been solved by oiganic chemists, owing 
to the fact that the material of experiment is largely drawn 
from the carbon compounds. TJic curious step>motheiiy 
fashion in which this important subject has been tieatod by 
tlie oiuiiiaiy physical chemist is possibly due to the influence 
of Ostwald, who had a large following among the older group 
of physical chemists; or it may lie ascribed to the fact that 
few physical chemists have any claim to be ranked as oven 
moderate organic chemists, a fact wliich handicaps them in this 
particular line of research. Wliatevcr be the reason, there is 
no doubt that the relations between chemical constitution 
and physical proiierties, so fully recognized by van’t Hoff, 
have not been pursued with either oagemess or success by 
the physical chemists of the Ostwald school. *• 

Surface tension, specific heat, boUingrpoinl, and fiielbing- 
point have occupied loss attention in recent years! The in* 
lluencc of chemical structure upon viscosity has furnished a 
subject for a number of workers, among whom Dunstan and 
his collaborators have been the most successful. The rdationa;' 
belween volume and valency have formed the basis of a con¬ 
siderable amount of ingenious speculation by Traube, Barlow 

. For a complete aooousi of this fidd up to 1910, bho reader shonld consult 
BmUes’ Relatiotu hetwe«n ChmAeoi Cautifution and some Phyakal Properfiec. ' 
^Bven a eursory perusal of the book will suggest many subjects for further 
investigatioii. 
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Pope, and Le Bas. The main trend of research, however, 
has been towdtds the study of optical properties. 

The phyeScal properties of a molecule may be regarded 
ftom either of two different standpoints: for we may assume 
the molecular properties to be merely the sum of the proper¬ 
ties of the variohs atoms in the molecule; or we may decide 
to lay most weight upon the structural character of the com¬ 
pound. Unfortunately, this mode of classification breaks 
down at certain points; for it is found that in the case of 
some substances the properties of the molecule are apparently 
compounded partly from purely additive factors and partly 
from constitutive effects. A certain physical property may 
be traced as an additive factor throughout a whole series of 
compounds, and then may finally be so greatly influenced by 
constitutive factors that the value deduced from additive 
methods diverges widely from the result of experiment upon 
the next member of the scries. Thus when we speak of 
additive and constitutive pro[)crties we mean merely tliat in 
the one case the additive factor is predominant, whilst in the 
second case the influence of constitution ouiwciglis the purely 
additive effects. 

Ilefractive Judex gives an example of this. In the case of 
saturated molecules or unsaturaled compounds containing a 
single centre of residual affinity, the refract!vity of the sub¬ 
stance can be calculated with extraordinary accuracy by add¬ 
ing togetlior the rcfrocti^ities of tho atoms contained in it. 
But if the molecule contains a conjugated system* of double 
bonds such as 

. I 

—CH:CH-OH;Crf— —CH:OH—0:0— 

0 N.OH 0 0- 



the refractivity becomes anomalous and cannot bo calculated 
from the separate ^refractivities of the atoms. Tn this case it 
is clear that constitutive influences are overbearing the purely 
additive relationship. 

Ma^etic rotatory power—t.s. the power of rotating the 

* Soo p. IS, 
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plauo of polarizatiou which is acquirad by symmetrical sub* 
stances placed in a strong magnetic field—closbly resembles 
rufmetivity in tliis respect. Substances conV.aining con¬ 
jugated double bonds exhibit a certain exaltation ” above 
the calculated rotatory power; so that here also the influence 
of the constitutional factor outweighs the additive effects. 

Maguelic susceptibility^ has iv.cuully been studied from 
the constitutional standpoint, and it is found to i-osemble mag¬ 
netic ixitatory ])ower in character, being influenced partly by 
additive factoie and ])artly by the general constitution of the 
molecular structure. 

When absorption spectra are examined, it is found that the 
additive factor is completely overborne, and that the manner 
in which the atoms are linked together iu the molecule exerts 
far more inlluence tiiun the nature of the atoniK themselves. 
In lecont times this subject has attracted very wide intei'est, 
either in the crude form of "it-lations between colour and 
constitution ” or iu the more accurate survey of the visible 
and ultra-violet regions by the aid of the quartz spectrograph; 
and within the last few years the work of Henri''' luis n^iened 
ii]> the iK)ssihilil.y of ualculaliug llio graphs of i»)mpounds fi-om 
d.ita obtained by liie cxaiiiinalioii of typiial .suhstances. 

Another physical in'iqierly which appears to be of value 
in ascertaining the ]>reseiice or ahstiiice of a hyilroxyl radicle, 
is anomalous electric absorptiou, wbich was first noticed by 
Dioide.'' ll IS found that liyditilfylic substances strongly 
absorb llcrzimi waves; and this faculty enables cnolic forms 
to be recognized in certain case.s. 

Eloctri('.al double refraction has also been wArked upon, 
but fimii the results iu this Cii.'<e the ])rtipei'iy appears to bo 

highly constitutive in character that it varies with very 
slight changes of structure; so th.it it is impossible at present 
to find any w'ay of co-ordinaliug the numerical results with 
the chemical side. 

The luminescence of cerluiu orgauic vapours when subjected 
to the action of a current passing in a solenoid has been studied 

1 FMcal, BvXL. soc. chim., 1909 (iv.), 9,1110. 

* Henri, Etudes dcpholoehimie, 1919. * 

* Drudo, Zeitseh. pkyrikaL Chem., 1909,40, CSS: compare Walden, iSuZ., 
1908,46.170. 
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by Kaaffmann in the hope of throwing some light upon the 
flnoroscencl problem; but the whole matter of the relation 
between fAiorosceuce and chemical constitution is still but 
little underatood. 

From the foregoing paragraphs it will bo seen that an 
immense amduut of research remains to be done ujion the 
connection between physical properties and chemical structure. 
We still await some general theory wliich will co-oi'diiiate tlie 
various branches of the subject. From a survey of the data 
at present available, it seems clear that the more pumly elec¬ 
trical a property is, the more dues the influence of constitution 
preponderate. Thus refractive index is largely additive; mag¬ 
netic rotation and magnetic susceptibility are slightly more 
constitutive iu character; anomalous electric absorption and 
electrical double rufracliou are almost eutii'cly epustitutivo 
properties. It is true that a1)sorplion spectr.i form an ap- 
parent exception t(i this rule. 

I'hotuchciniatry * hits grtiwii by loai>s and bounds since the 
beginning oi' the century and is rapidly reaching tlio stage 
when it will be considered a subject iu itself. The problems 
alresiily presented by it iiro too uumuiiius to be dealt with in 
this place; uml yet the fringe of tlio subject is all that has 
been attacked as yet. 

Tlio Hur\'ey given in tlie previous pages of Iho pi'ogress of 
organic chemistry during the present century, though very 
iiicumplcte, will sull’ice'to indicate the main lines upon whicli 
work is proceeding at the present day; and it should be 
sufliuient to show tliat fresh subjects of research are still 
plentiful.* The newer trend towards a study of natural pro¬ 
ducts coipes ns u rdief after tlio long siipicmuey of the purely 
synthetic work of the late niuctccuth century; and it may 
be emphasized in this place that in the near future the study 
of quite simple reactions will olTer many points of interest. 
We are for too apt to be captivated by the application of old 
reactions to new syntheses; and it seems likely that more 
interesting and* useful work could be carried out by an ex¬ 
amination of even such obvious problems as the hydration and 
dehydration of simple organic compounds. 

' A full aooonnt of tho subject» given in Shoxipard's Plw^Mkmittry (1914). 
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1. IntroduBtory, 

V 

WuBN the saps ana tissues of certain plants (such aa pines, 
camphor, lemons, and thyme) are distilled, the distillates are 
found tf) contain among other things a mixture of substances 
which are classed under tho general head of ethereal oils. Fbr 
the most part these ethereal oils ci-utain unsaturated hydro¬ 
carbons of the general formula (C6 Hh)ii (or derivatives of these 
substances), and these may bo divided into three classes— 

1. Open-chain olefinic compounds. 

2. Mono-cyclic Jiydrucarbuns (reduced benzene derivatives)^ 

3. Cyclic compounds containing more than one ring. 

In the naturally occurring compounds it is found that by 
far the greater number of these hydrocarbons have the em¬ 
pirical formula CioUu, and it is not without interest that 
Collie,^ in polymerizing ethylene by means of tho silent electric 
discharge, found that the major part of the substance used was 
converted into compounds containing either ten or fifteen carbon 
atoms. • 

The nomenclature of these substances is at present* some¬ 
what in confusion. It has been customary to apply the name 
terpene to any compound having the composition CsHg, or any 
polymeric variety of this type. This general type was then 
divided into two others: the true terpenes,*' oycUc substances 
of the formula GioHu; and the '* olefinic terpenes," which * 
are open-chain bodies having the formulee CJELa and CiqHu. 
Another system of nomenclature classes tho whole group under 
three heads: hemi-torpenes. CsHh ; terpenes, GuHie; and sesqnl- < 

terpenes, GuHm. The naturally occurring mono-cyclic terpenes 

" 

* OoUle, Tnuu. Ohm. 8oe,t 1SX)6, ST, 1010. 
a6 
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are for the most part derived from either m- or p-heza-* 
hydrooymeilB. 

Most of %he terpenes are colourless, pleasaDt-smelliog liquids 
of high rehraotive power. They boil without decompositioa, 
'End are volatile in steam. Some are optically activoi some 
inactive by raicemization, while others, containing no asym¬ 
metric carton atom, cannot show activity at all. 


. 2. The Sifnthaiis of Terpirml. 

In the group of the mono-cyclic teriieiies, by far the most 
important compound is terpineol, for from it most of the 
other members of the group can be prepared, either directly 
or indirectly. The constitution of terpineol, therefore, is of 
considemble value to us in determining the constitutions of 
other substances which wo can derive from it. Thq inactive 
form of terpineol has been synthesize<l by Terkin,^ and os this 
syntliesis determines the constitution of the substance, we may 
describe it step by step. 

When /3-iodo-propionic ester was allowed to interact with 
the disodium derivative of cyan-acetic ester, y-cyano-iientane- 
aye-tricarboxylic ester was laoduccd— 

CN KtOOC.CJTa.CHa ON 

/ \ 

2EtOOO. Olfa. dial -b NfiaC = 2NaI + C 

. ^JOOEt EtOOC-OHaClIa dOOEt 


Erom this the free acid was obtained L)y hydrolysis with 
hydrochloric acid, and when it was boiled with acetic 
anhydride •and then distilled, it was transformed by loss of 
water and carbon diozide into S-keto-hcxahydrobenxoic acid— 


HOOO.OaaOHa 

\H.COOH*UaO + 

HOOe.CHa.CHT 


COa + 
CHa.OHa 




/ 

-KCO 


. COOH 


\ / 

CHa.OHa 


Perkin, Traiu. Ohm. Soe., 1904,86,64,6. 
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Grignard's reaction was tlieii applied to the ester of this aoid, 
magnosiuin methyl iodide being allowed to reacK with the 
ketoiiic group, and in this way S-hydroxy-hexiihydiotoluic 
ester was fonnod— 


CU;, CHa.CHa 

\, / \ 

Mg + 00 Oir.OOOEt 

{ \’IIa.O}f^ 

CHa Ollj.ClIs 

\/ \ „ n,0 

—> 0 Oll.COOKt - > 

/\ / 

IMgO OHa.Orta 

CHa CHa.Clla 

U,0 \/ \ 

-> C OH.COOKt 

/\ / 

HO OH*. CHa 


When, by the iiction of fuming liydrobromic acid, we replace 
the liydriixyl grou]) in this acid by a bromine atom and then 
I'cmovc liydrobrtjiuic acid from tliu eom{)ouud by means of 
woiik alkalis or ])yridine, wo obtain A'’-tet,r.ihydro- 2 >-loliiic 
acid— 


(JHg CHii.CHji 

\/ \ 

0 OH.COOKt 

/\ / 

HO OHa.CHa 

Olli CHa.OHa. 

HBr \y \ 

-C OH.OOOH 

/\ / 

Br OPIg.CHg 


Alkalis 


CHa CH>.GHg 

\ 


t V' 


OH.COOH 


\ / 

OH . CHa 


After esterifying the acid, the Grignaid reaction can be 
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a^ain employed, with tire result that the ester group is attacked,' 
and on treaj^ent with water the intermediate compound breaks 
down into inactive terpineol. 


OH,. OH, 

OH,.(^ , OH. 

/ 

OH. crt. 


CH,.CH, CH, 
CH,.Mb.I / \ / 

OOOEt- > cn,.0 CH-C-OH 

\ll. CI^ \h, 

Terpiiii>oI, 


If this synthesis t)e oxamitied step by step it will be seen 
that there can be no doubt as to tlie constitution of terpineol, 
for the reactions can only be supposed to take ))lace in the way 
shown. Any alternative furnmlation of any of the reactions 
would at once lead to contradiction in the later experiments. 

.'An opticiilly active teT])ineol has been prepared by Fislier 
and Perkin’ by resolving the intermediate acid into doxlro 
and Imvo forms before continuing the synthesis. 


3. Tht' Deconypoalthn ProAwtx of Terpineol. 

The oxidation of tcr].)iiionl takes place in several stops and 
produces sonie compounds of importance in the study of 
tcrpeiie constitutions; wi* Tiiay, therijfore, deal with the matter 
briefly in this place. 

ft has been shown by Wagner'’ that when a compound con¬ 
taining a double boml is oxidized by means of }iotas8ium 
permanganate, the first step in the process is the bieaking of 
the double lK)nd ami the addition of a hydroxyl group to each 
of the atoms between which the double bond originally lay— 

Oil 

^ li-C—K It 0~Jt 

+ Ifa^l + I) = I 

It -0-Jt It-O—li 

1 

Oil 

In the case of terpineol this rule holds, and it is found that the 
first oxidation prbduct obtained by the action of pei'inanganate 
upon terpineol is trihydroxyhexahydrocyment! — 

1 FisLer and Porkin, Trona. Ohem. 5oc., 19CS, 88,1871. 

• Wagner, fior., 1888, 81,1230, 8359; 1891, 84, CCS. 

* Wallaoh, AuMoJlen, 1698, 875,150. 
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w. 
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CHa 

I 

0 

/% 

CHa cir 
I 

Hfl CHa 

I 

C.OIl 

Torpiooc 1. 


CHa 


L. 


-OH I 

\bou. 

I I, 

CHa CHa 

\ / 

CH 

O.OH 

Clf^ \Ha 

Trlhytlrozyheuhydroayinene. 


This 8ul)3tanco, on further oxidation/ is converted into homo- 
terpenylio methyl ketono by the rupture of the single bpnd 
between the two hydroxyl-bearing c-irbon atoms— 


CHa 

I 

(J-OU 

/\ 

CII2 CIE.OIf 
CHa CHa 

I 

C-OlI 

/\ 

CHa CHa 
TrikydroxyhozA- 
bydtocymouo. 


(JHa 


CO 

/ 

CHa COOH 

I 1 - 

CHa CHa 

V 

I 

C—OH 

/\ 

CHa CHa 

Intormedlato oold. 


CO— 

I 

CHa 


CHa 

ho 

/ 

CHa 

I 

CHa 

\ / 

CH 

c- 6 

/\ 

CHs^ CHa 

Uomotorpeuyltc 
m'ithyl ketono. 


As is shown in the fonnulse, the first product of the oxida¬ 
tion is a hydroxy-add which loses water at once between its 
carboxyl and hydroxyl groups, yielding the keto-lootona 
This keto'laciono is the first product which can be isolated 
when terpincol is oxidized with chromic acid, for the action is 
BO violent that the trihydroxyhexohydrocymene is destroyed 
as soon as it is formed. 


t Wallaoh, iinnoZm, 1898, W, ISO; JBer., 1806, 88^ 1773; Tlemum and 
Bohmidt, ibid., 1781. 
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7 Further oxidation with potassium permanganate ^ conveiir 
the keto-laotone into a mixture of acetic and terpenylio aoids^ 


CHa 

1 

CO 


OHa 

‘ j 


CO. OH 

/ 

HaC CO— 


COOK CO— 

1 1 

OHa CJla 

1 1 

HaC CHa 


V 
. 1 

•VMM 

/\ 

i-( 

• /\ 

) 

OH, CITn 


CHa CHa 

Homoterponylio moihyl kotonc. 

Terpenylio acid. 


The latter substance, by the action of a 5 per cent, solution 
of permanganate, is still further decomposed into terebic acid— 


COOH CO— 

I I 
Cir, Ola 

/ 

(;h 


cif; \;h, 

Toiponylio acid. 


CO—, 

I ■ 

(JOOir CHa 
Clf 

I 

C-0 

/\ 

CHa CHa 

Toreblc acid. 


It will bo seen that these formulae for homotorpenjiic, 
terpenylic, and terebio acid illustrate the decomposition of 
terpineol quite satisfactorily. Any doubt as to their accuracy 
was removed by the synthesis of the three acids, which was 
oanied out by Simonson.* Terebic * and terpenylic acid * had 
previously been synthesized in diflerent ways. The Siinonsen 
syntheses depend on the application of Grignard’s reaction to 
various ketonic esters. From magnesium methyl iodide and 
acetyl-succinic ester ho obtained terebic ester— 


1 Wallaoh, Bar., ISOS, St, 1776. 

* Sixnonsen, Ttms. Ohem. Soe., 1907,81,184. 
■ Blaise, O.B., 1898,198,849. 

* Lawrence, ZVotis. Ohm. Soo., 1899,7t, 681. 
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COOKt 

COOEt 

00- 

COOKt (Jlla 

COtdEt Cila 

(JOOEtl OHa 


‘ " - / 

/ 

ClI 

1 

(JH 

-> 1 - 

OH 

1 

(JO 

C-OMg.I 

w (J. 

/ 

/\ 


CJH:. 

(JII:, Olla 

CHri (’H:, 

Aoctyl-Hucoinic OHtor. 


Turoliio ofttor. 


1» oxactly the Siiino way /j-acetyl-glntaric cstur is converted 
into terpouylio uster, and j3-ncotyl-adipic osier into homo- 
iorpenylic cstor. 

The constitution of l(;rpinoo1, then, may he consi<lcix;d to be 
completely ostahlishcil, liolh synthesis and degradation products 
ogreuLiig with the theory. 


d. Thti lUnintitutUm of Dqinitmc. 


WIk n lerpinool i.s lieatcd with acid i>o(assiuin sulphate it 
loses a molecule of walor, and is oniiverted into dipentoiu'. It 
is evident that w«* may ve|)resent this (diiuination of water in 
citlier of two ways— 


C’ll 


3 



II 

C’ 



(I.) 




rii, 

1 

0 

JlaO OH 

j 1 

Oil:, 

1 

0 

HaC OH 

1 1 

Ha(J OHa 

-> HaO- OH. 

\/ 

• \*/ 

OH 

‘OH 

i 

0 

j 

O.OH 

/\ 


Oils OHa 

OHa OH 

Tcrpiripo!. 

(li.) 


Now, di|)ontcne can bo obtained by mixing together equal 
quantities of doxtro* and lievo-Uiuoncne. It is, thereforo, the 
racemic form of limnuene, and mu.st contain an asymmetric 
carbon atom. Formula (1.) contains no such carbon atom. 
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"but the atom in (IE.), which is marked with an aatariskl is 
asymmetric. iDipentene, then, must have the constitution 
represented by (II.). 

In order to sadsfy ourselves that this formula is the correct 
one, we may test it by seeing how for it throes with some 
decompositions which dipentene can bo mode to undergo. 

Wlien nitrosyl chloride is allowed to act upon a compound 
containing a double bond it may nnito witli it in either of two 
ways.' If the double bond lies between two tertiary oarbon 
atoms, the chlorino atom nltachos itself to tlio one aiul the 
nitroso group to the other, and the resulting substance is a hliie 
nitroso-deri vad ve— 


CHa Olfa 

\ / 

\ 

Cfl:, CHj 


OTfa CH„ 

NOUl \ / 

-> C -(J 

, CII, 
NO Cl 


On the other hand, if (me of the carbon atoms is a tertiary and 
the other a secoiidar}' one, tiio chlorine of the nitrosyl chloride 
attaches itself to the tortiary atom and the nitroso-groii]i to the 
secondary atom. The iiydnigun atom then wanders, ns shown 
in tlie furmulio Imlnw, willi tlie result that a eofnmlm iJto- 
uitroRo-compound is formed— 


cn., 




Olla 


\ / 

''' \ 
H 


N<k;i \ / 

-.> c:-o 

:\ 

Cllsi i II 
. Cl NO 


Cllj, 

\ 


(;nn 


C- (! 


/| 

on.,! 

V\ 


■| 

NOII 


We must now ai>ply tins to the case of dipentene. To make 
reference (‘Asy wc shall number each step, 

I. When nitrosyl chloride acts uiioii dipentene, it might be 
supposed that it could react either with the double Ixmd in the 
nucleus or with that in. the sido-cliain. It actually attacks 
the nuclear double bond, as we shall show later, and to avoid 
the complication of two sets of fnnuulftf we may confine our- 
sdvos to the case of the addition to the double bond of the 


* Tbiole, Ber., 1894,97,455. 
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iiiicloufi. The reaction, if our formula for dipcnteno be correct, 
will lake the course shown below— i 


Oil. 

1 

CMT;, 

1 

(J -Cl 

• CFa 

1 

0 

1 

(J—Cl 

/"•• 

If^C (Ml 

/\ 

1—1 

o 

/-■ 

NO('i ir.,(,' (MI.NO 

I 1 

--> 1 1 — 

— > 1 1 

Hat! Cir, 

lla(.' (JII., 

II,C CHa 

\/ 

/ 

'\/ 

iMf 

1 

(Ml 

1 

ClI 

1 

1 

(J 


/ 

/\ 

(MI.. 

T)ipontuiii‘. 

Oil:, (MI.. 

(MI„ CH.. 


IT. When the nitrosoclilorido furnuid in the last roaction is 
trcaUul with alcoholic poiasli it loses one inolecnlc of hydro¬ 
chloric acid, and is translbvined into a coinpnmd which proves 
to ho identical with tlio oxinitf of Llie kutone carvoiio. This ciin 
ho oxpi'ossud as follows: — 


ON:, 

CH:, 

(J—01 

C 

/ ' . 

.-/ \ 

\\M (*:NOlI 
'I 1 

HO (!:N< 
- > 1 1 

llaC CMl-a 

IJaO (MTa 

\/ 

\/ 

CH 

(JH 


(Ilia Oils CJia Clfa 

l)]']iontcnc nitrosoclilorido. Garvoximo. 

III. iiy hydrolysis of the oxime, carvono is produced. 

IV. Oarvone, on reduction, gives dihydi’ocarveol. This 
reduction might bo supposed to toko place either in the nucleus 
or in the fdde-chain. As will bo shown later (VI.), the nucleus 
is reduced and the side-chain left untouched. We need not 
concern oui'sclves with the alternative set of formula), 'but may 
again confine ourselves to the one set— 
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(JH 



HO CO 

tJUa 

-> 1 1 

HaC Clla 

\/ 

\/ 

CH 

1 

CII 

1 

1 

(J ' 

c 

/\ 


CH, CII, 

(JHa CHa 

Cammo. 

Diliydrocarvool. 


V. On oxidation, dihydrocarvool ^ivoa a triliydroxyhoxa- 
liydiYJcymeno— 


CII. 


CIT 

/ \ 

IfoC (Jli.OII 

■l I 

IIjC cn.. 

\ / 

(ML 

I 

0—OH 

yx 

CUb cjloh 

V r. On fiirthor oxidation n kctonn alcohol is formcd- 

Clla 

W 

/ \ 

HaC UH.OH 

Tf.jO Clfa 

V 

k. . 

/ 

CII^ 
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The produotion of this substanoe proves what was previously 
stated in I. and IV., vis,, that the nitrosyl ohloiide attaoks 
the nucleus, and that in the reduction to dihyarocarveol the 
side-chain double bond is not reduced. If the nitrosyl chloride 
hod attacked the side-chain we should, at Stage III., have 
formed an aldehyde of the type— • 

CHs 

I 

C 

HaO OH 

I I 

HaC CHa 

■ 

CHa Clio 


instead of the ketono prcMlncod in practice. If the side-chain 
lind been reduced in Stage TV. instead of the nnolons, the 
nucleus would have been attacked hy the oxidizing agent in 
Stage V., the ring would liavo been broken, and a ketonic (uM 
would luivo been formed, Just as in the case of the oxidation of 
terinueol. 

VII. Further oxidation of the ketonic alcohol produced in 
Stage VI. yields a hydroxy-aoid, which, by the action of 
bromine at 100° 0., loses six hydrogen atoms, and is converted 
into hydmxy-p-toluic sicid— 


CHa 

CHa 

1 * 

CHa 

CH 

1 . 

CH 

• 

c 

/ \ 

HaCJ^ ^H.OH 


HaC CH . OH 

HC COH 

— 

HaC CHa 

1 1-> 

HaC CHa 

1 U 

HC CH 

\/ 


C 

CH 

CH 


1 

I ' 

coon 

COOH 


CHa 
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To sum up tlie matter, wo may (xiint out that the series 
of reactions to Vil. prove tliat the "isopropyl group*’ 
oontains a double boud, whioh must also l)o present in dipoutone. 
Moreover, since this double bond has persisted tiiroughout the 
whole series of reactions I. to IV., it cannot have been thexwint 
at which the nilfcrosyl chloride attached itself, as this portion 
of the molecule has given rise to the —CH.OIl— group. 
Further, the uitroso-group must have attached itself to the 
carbon atom to whicli the hydroxyl group is attached iii the 
aromatic acid, the one next that which carries the luotliyl 
group. These reaclions can only be explained by assuming 
that dipentene has the striicttiro which we attributed to it on 
account of its synthesis from terpiiieol. 

It might Ijo objected that wo have not ttikcii into account 
the j)ossibility tliat, in tlio formation of diiMiiitene, the elimi¬ 
nation of water from terpincul may tuke place between two 
nm-atijacent carbon atoms, giving rise to some such compound 
as— 


CM:, 

I 

C 

1I..C CM 

'I I 

H(J CH.. 

• V “ 

I (JIl 

1 I 

C 

/\ 

CH 3 Clf:, 


Any attempt to explain the question on these lines leads, 
however, to impossible results, and it may bo taken as proved 
beyond doubt by the above experimental data that the stiucturo 
of dipentene is ofS shown in the annexed formula. This, in 
tprn, proves tlie formulm of doxtro- and b^vo-limonene, for 
as they are the optical antipodes of which dipentene is the 
.racemic variety, they also must possess the same structural 
formula as dipentene— 
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(;Ha 

I 

. 0 

\iji) cir 

I I 

IlaC CJlIa 

\/ 

(Jll 

I 

c 

/\ 

Clf: Cilfl 

I)i[Knitonu. 


5. 


The ComlitiUioiis of Teft'iniudene uwt Teriiiitcitc. 


fii the liiHt scctiuii it WikS pointed Mit tliul the doliydrotion 
of UTpiiiooi iiii^ht follow oitlior of tw<i courses: the one loading 
to a eomponiul containing an asymmetric carbon ntoni, the other 
to a symmetrical derivative. Tlie result of deliydration by 
means of acid ijotnssium sulphate was sliown to be dipenteno; 
but when tiiriiineol is dehydrated^ by means of alcoholic 
sulphuric acid, an isomeric coniponnd is formed which has the 
second of the two [wssible formuhe. Tliis substance is tcr- 
piuolene— 

(jir, 

I ■ 

0 


\IJ0 CJl 

iijj cn. 


\/ 

c 


c 

/\ 

(JH3 CHg 

When terpinolone is treated with acids, it is converted into 
a substance which was originally assumed to be a single hydro¬ 
carbon, terpiuene; and for a oonsiderable time the constitution 


^ wailaoh, 1879. IB, 1022. 
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of terpincne was one of the ridtiles of organic chemistry. From 
the results his investigations, Wallach * deduces that there is 
no such thing as a pure terpinene ”; but that tlio material to 
which this name has been given is a mixture of three diffoi'ent 
ciicniicnl individuals fur which lie proposes the following names 
and formulie^ 

1 

-S' 

I 

(';|H7 

7-Toriiini:iir.. 



(JHa 

1 

1 


n 

1 


(':ill7 

1 

(■:,ll7 


a-'l V'ri>i I i(;i 11!. / 3 -'JVi'pi i luiiu. 


0. Ttii'iiiih and Uinrol. 


< irignard ^ and other's have shown that wlien the esters of 
organic acids I'eact with organu-maguesiiim compounds, Uu'tlary 
alcohols can l^e produced— 

i; 

/ 

2U.Mg.I + Il'.UOOKt = 11'. 0—()Mg.l + KtO.Mg.I 

\ 

\ 

U 


/ 


II'.C-- O.Mg.I 


+ IfjO = 1 



li 

/ 

C—(HI + IKJ.Mg.l 
\ 

II 


Again, when kefoues ait* limtod with Uriguaiit’s rougent,^ 
tertiary alcohols lue formed— 

II 


K ll 

I K'.Ma.i I 

CO-> It'—0—O.Mg.l 

I I 

It • u 


H,0 


» Jt'-C-OH 
• 

I 

II 


» Walljwjh,.<lu«rtfc«, 1910,874, 224; 190G, 880.142; Terrene imo Cmiip/ief, 
lOOG, pp. 467-81. 

* acignaid, C’.ii.. lUUl, 188,336. 

> Zeliiuky, Ber., 1901, 86. 8950. 
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* • * 

ICay and Porkin ^ have combinod those two reactions into 
one by using a ketonic osier and allowing bo|ili vulnerable 
groups to be attacked sioiultanoously. By this means, from 
cyclo-lioxanone-4-carboxylio ester, they obtained the dihydiio 
alcohol, tcr|)in— 


CO 

Clfa 

C- Oil 

/\ 


JUC CJIa 

llsl' <'J>2 

1 1 

1 1 

JlaC Oil- 

ILC CHi5 

\ 

\ ' 

Oil 

1 

(ill 

• 1 

0Oi)El. 

1 

0 —on 

'Iiiliuxitiiuuu-l-cttrix>xyliu uhtur 

^ ''' 




Tor|>iii. 


This syiitlioais piovus the ronnula of Usrpiii beyond auiy 
dispute. 

Turpin may be also oblaiuud by boiling turpinuol with dilute 
sulphuric acid— 



(JHa 
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C--OH 
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I \ 

\/ . 

II—C 
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/\ 

011:1 <‘rT» 

Ci8;tori)in. 


Thu teri)in which is obtained in cither of these ways is 
colled cnr-teipin, from the fact that in its space formula the two 


' Kay and Perkin, 2Vwut. Chem. Soe., 1907i 91,872. 
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hydroxyl groups lie on the same side of the hexamethyleue' 
ring; while in the isomeric compound, <mns-terpiu, they lie on 


opposite sides of the ring— 

OH HO—C(Cll3)2 

I yCHu-Cll^V I 

C ' 'C 

I XcTla-CHj, "" 1 
OHi, H 

CiN*torpiii.. 


Clla 

HO -(XOHa), 

1 /(Ilia 

(J v 

OH,x 1 
^0 

1 \oil. 

oil ./1 

(IH 

H 


'L'raiiS'lurpiii. 


Cis-torpiu unites with one niolocnlc of water to fonn toi'pin 

liydratu, a crystalliiio siihsiance i'roni which it can bo regcu< 

orated ut LOO** C. Thu trons-isumer docs not unite with water 

at all. . 

• ^ 

Ois-teri)iu - cannot bu dinwtly converted into trans-terpin, 
but tlie change can be efluctcvl by a somewhat roundabout 
method. Tn tlic first plocu, cis-terpin is subjected to the action 
of hydrobromic acid, by which means a dibroniide is formed. 
As can be seen from its formula, this substance is identical with* 
tlio hydrobromidc of ilipuntene— 


OH;. 

I 

C -Hr 

' /\ 

H..0 OH 2 

I I 

ILC (Jib, 

11-0 

I 

C- P.1 

/\ 

0 H 3 (JHa 

Diponlenu dib^rubroniido 
(OiR-torplii di bromide). 


This dibromide is next treated with silver acetato in acetic 
acid solution, and the diocctate so produced is hydrolyzed with 
alcoholic potash, yielding frans-terpin— ^ 
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II slioiilil bu iKiluil that cj.s-lor]nii is coiivcTlcid iiitu its 
dibroiuidu tins product is tiio c ^s-jforiii of dipcnUuio dihydrohro- 
inido ; while, on llic oilier hand, Ihc Ui-.tion of liyih-obi’oniic'acid 
on tr:iiis-tmi)iii produces tliu <m9M>vai-i>.ty ufdi])uulcnu ilihydro* 
bromide. Thus the change of cis-torpiii into tnuis-tci'iiin 
cannot lie carried out through the broinidos aloiio, as during 
thuir loriiialioii no cliango from cis- to trans-form takes place; 
this only occurs during the hydrolysis of the acetyl 'ilerivntive. 

When cis-teri)iu is dehydrated, it yields a variety of 
jiroducts (terpineoi, diiientoiio, Icriiineue, and terpinoloue), 
among which is found the compound uineol, CiuHihO. This 
substonco contains neither a hydroxyl nor a carl)unyL radical, 
and must tliereforc be an etlicr. On this view, its formation 
from cis-torpin is easily explained— 
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This formula is supported by the fact that hydrobromic 
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(icid in acetic acid solutiuu coiiverta ciueol into cis-dipenteue 

dibi'umidG—» 
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Ciiiiioi. Cih-tor^iiii ililiroinide. 


‘The. iH'liaviour ol' ciiiuol on o.xiilatioii with putsuiMiuui ]K!r- 
is curious.^ Tiiu tirst cilbcl is to bi\‘ak tiio hcxsi- 
methylouc rin^, while Iciivin;' the oilier chain imtouchod; in 
this way uincoUc acid is predueed— 
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CincoJic aoid. 


Wlion ciiicolic acid is troalcd with acetic anhydride it yields 
cineolic anliydridc, which, on dry distillation, breaks down 
(luaiititalively ii^yto carbon monoxide, carbon dioxide, and 
mcthyl-heptoiione, an aliphatic ketone of considerable interest 
from its relations to the tcrpenes— 

' Wallach and Oildemeister, Awialen, 1888,846,868; Wallacb,t&wf., 1800, 
868; 810: Walloidi and ElkeleH, ibid., 1892. 871, 21. 
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. 7. 27/c tiyiUlimit uf Gifu •'strew. 

Until rucciitly, carvestruuu cuuld liu ubliuiicd only by a 
very loii^ iiud cuiiiplicated Hurius of I'ouctions; and tlio uoii* 
slilulioiis 01* suiiiG of Uiu intoj'jiiediate coiii])Ouiid8 produced 
liiul not boon well ostablishod. l*urkin and Tatloi'sall^ have 
now succoitdud in syntlussiziii}' it 1)y a series of reaotions 
ansilogons to those employed by Perkin in liis syntliesis of 
teipiiieol. 

The starting-point of this new synthesis was nt-liydroxy- 
bciisoic acid. This was first rednced«with sodium uiid alcohd, 
forming hexahydro-m-liydroxy-bcnisoic acid; from which, by 
oxidation with chromic acid, y-keto-liexaliydiobeuzoic acid (1.) 
was obtained. The ester of this acid reacts with miigneainm 
methyl iwlide, giving the lactone of Y-hydroxy-hoxahydro-m- 
toluic acid (II.). When this is heated with hydroluomic acid 
it yields y-bromohexahydie-m-toluic add (111.), which on treat¬ 
ment with pyridine loses hydrobrumic add, and is changed 
into totrahydro-m-t'oluic add (IV.). After estoiification, this 
is treated with magnesium methyl iodide and water, whereby 
on alcohol (V.) is produced which differs from terpineol in that 
the hydroxyl and methyl groups are in the 1, 3-position to each 
other, while in terpineol they are in the 1, 4-poBition. Just 
as terpineol, when treated with add potassium sulphate, loses 

i Fcrkln and Tattenall, 2Vana. Ohem. Soe., 1907, Bl, 460. * 
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water to form dipentene, this new alcohol loses water and forms 
carvcstrene ^VI.)— 



Though'since the discovery of tliis new synthesis the old 
way of preparing cnrvestreuo has lost its value os a practical 
method, we may give a very brief description of it here on 
account of one transition which occurs in the course of the 
reactions. The starting-point for the old synthesis was the* 
Aubstanco carvone/ which we have already encountered. Now, 
as can be scon from the formulis of the two snbstanoe^ to 
convert, carvone into corvestreno we must shift the isopropylene 
group ^m one carbon atom to the adjacent one. How^is is 
done will be seen in due course. 
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OHb 

C 

CHb 

lie CO 

C 

1 1 

HgO CIU 

UaC^^K * Clh 

\/ 


CH 

1 

HaC CII-C 

1 

C 

t'lls ClTa 


CarvcHlronp. 


(^ITa CTfo 


Carvono. 


(Jiirvono is iirst. mluniHl with ziiio dust and ahudiolic ^lotash 
to dihydrocavvono; hydmhroinlc aoid is tlioii nddud on, giviii" 
dihydrocnrvniip hydrohroinidc *— 


CHs 

I 

ClI 

\’() 

I I 

llaCJ 

\ / 

CJJI 


O -lSr • 

/\ 

CJHb ClFa 


iVow, when this siibslancu is treated witli alcoholic potosii it 

* When a lialogoD acid ia added on to the doublo )x)nd of an anaaturatod 
aubstonco, tbo nogativo part (i^., tbo halogen atom) alwaya unitoa with that 
carbon atom to wliloli tlic femsl hydrogen atoms are attached. For example, 
In the COHO given below the uoinponnd formed by the addition of livdrobromic 
acid to (L) ia (TI.) and not (II1.). 

CH, Ulljllr Off, 

(3 = CIU (j-CIf, ^OlF-CII,Br 




CH, 


(TIL) 


This* Ih called tbo “ Markownikoflf Rule " {Ber., ISCO, 2, 6G0; Annalen, 
1870,158, 260). Compare, however, Cuy, J. Amr. Chem. Soc., 1920, tt, 608. 
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gives up hydrubromic acid, but instead of regenerating a carvone 
derivative it yields a new ketone, carono. Since on oxidation 
carono yields*!, l-diinetliyl- 2 , 3-trimethylene dicarboxylic acid 
(carouic add), it must contein a trimotliyleue ring. The 
simplest way in which this can be explained is to assume that 
Ciiroiie has eithet’ of the foritiulii! (1.) ami (11.) 


CHa 

in 

/\ 
IlgC (JO 


(jir, 

I 

Cll 

/\ 
Ha(J (JO 

I I 


ILO (JH 

H( 

J ( 

1 

/ 

\ 


\/' 

(JH on. 

1 

OH 

. 

V 

(j 

CH 3 —C 

\ 

\ 

1 

C 113 

(JHa 

(I.) 


(11.) 


The iirst of these rorniuhe is the one usually ascribed to 
caroiic. Wo cannot cuter into the details of the evidence 
boro. 

Wbiui cai'oiie is allowed to react with hydroxylamine it 
forms the siibsbuictJ caroiie oxime, wiiicb, r»ri rodnclion, pro¬ 
duces the aniinu-coiupoiiiiii carylaiiiiiio— 


CH;, 

(JH , 

(JH3 

1 

(JH 

•/ \ 

ir2(J OrNOH 

/ \ 

H-tJ (JII.NIU 

1 I -^ 

1 1 

H2(J (JH 

Ha(J OH 

\/ \ 

OH-(J(CH 3 )a 

\/ \ 

UH-0(0113)2 ' 

Uarovo oxime. 

Garylaniinc. 


When this body is treated witli alcoholic odd it nndeigoes 
isomeric change, and is converted into the hydrochloride of 
vestrylamino, the trimethylene ring being now broken. By 
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this means we have transferred tlio isopropylene group from 
one carbon atom to the otlier. 


CHa 

I 

CH 


iisi 


CIINKa 

I 

CH 

\ 

CH-C(CH.)8 

Cnrylomuio. 


HGl 


CHa 
UH , 

HgC^ \n.NH2 

I 

CHb 

H2C CH —0 

CHa 

VoBtrylaminc. 


'* Vostrylaniinehydrocliloridojon dry distillation, breaks down 
into carvosti'eno by loss of ammonium cl lorido— 


CioH„.NHa.UCl * CioHm + NH4CI 

Corvcstrcne is a rauemio compound, the dextro-antipndo of 
which is found in nature as sylvestronc.^ Tlio latter has 
been synthesised by Perkin.^ 


'» 8. Th-e Synthem of Mmthone. 

fl 


Tliongh mentlione had been synthesised in dilforent ways 
by Einhorn and Klogas,^ Kotz and Hesse ^ and Haller and 
Martme,'^ none of those methods famished any (uroof of the 
constitution of the substance, ft was viot until 1907 that 
syntlietic evidence was obtained upon this point. 

Kiitz and Schwarz hist synthesised /j-methyl-d'-isopropyl- 
pimolic acid, and by the distillation of its calcium salt ^ey 

produced monthoue— 

• 

* Baeyer, Ber., 1694, Vt, 8485. • 

* Perkin, Proe., 1910, 6, 97. 

’ Einhorn and Klagos, Ber,, 1901,84, 8798. 

* Eiitts and Hesse, Annaien, 1906,848, 300. 

* Haller and Martine, O.B,, 1906,140, ISO. 

* K5ts and Suhwarx Awnaie%, 1907, 857, 806. 
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Cfla 

0H3 

1 

1 

. CH 

OH 

/ \ 

HaO OHa.CUO 

/ \ 
HaO OH 

Had do 

1 1 

H3O • 000 -Oa 

\ / 

\ / 

OH 

OH 

1 

Oair, 

1 

O3H7 


Ottlcium /B-Mutliyl-a'-isoptopyl-piiiiuluiiUi IklaxiUiouo. 

A similar result is oblaiiiod by makiiig the ester of this 
auid undergo iiitramolociilar acetoacctic ester coudensatiuu by 
means of sodium, and then liydrolysing the ester thus obtained 
and.splitting uir carbon dioxide in the usual way— ' 


Clls 

I 

Oil 

/ \ 

11^0 OlI^.COOKt 

I -> 

llaU COUKt 

CsH, 

OH, 
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0\h 

I 

Ull 
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II..CJ 

M 
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ClI. COOEt 
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OH 

I 

C3TI7 


CH 

/ \ 

II 2 O CH.COOH 
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,117 


0 H 3 

I 

OH 

HaC^ ^Ha 

HaC do 

\ / 

OH 

OJlq 


By taieans of this synthetic method, Kots and Schwarz have 
produced an active menthone which is strongly dextro-rotatory. 
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0. The Deeompmtiom of MmtKone, 

J3ofui'u the discovery of the syntheses whicli we have just 
described, it had not been possible to show synthetically that 
the methyl and isopropyl rodidos in meiithouo lay in the 
para-ijositiou to each other. The evidence for this had, 
however, been obtained from the decomposition reactions of 
meuthuiie. 

Wlicii incnthoue is oxidi/iCd by means of potassium perman¬ 
ganate, the first product is hydroxymentliylic acid,^ which, on 
I'lurthor oxidadou, is converted into /j-mothyl-adipic acid— 


cir^ 

,';h 

y '\ 

ILC CIL 

M W 

1 1 

Clla 

1., 

/ \ 

\\»0 CH.. 

"1 1 

H..C OOOH 

M 

\ 

CO 

1 

CHa 

1 

Oil 

/ ■\ 

JlgC Cllg 

1 1 
![..(} (H) 

M 

\ / 

(JH 

1 

1 1 

ILC COOH 

M 

\ 

COOH 

Cali, (Jail, 

Aleiilhuuu. llydruxyuiviitliyliu iU'id. 

S’ilolliyl-adipic ouid. 

Tliese substances could bo lunucd only if iJio isupiDiiyl and 
methyl radidos were in the pura-p)8idun to each other; for 
if we take them in any uihur position, as shown below, the 
itisulliiig proiluchs ore not the same— 

UJIa 

1 

CH 

/ \ 

CII.C3H7 

HaU (It) 

Clla 

1 

Oil 

llglJ^ \0.O3H7 
JIaC COOH 

V 

Kcto.aCid. 

Clla 

1 

Cll 

/' \ 

llaC COOH 

1 

HgC COOH 

V 

a-Methyl-ndipic uuid. 


ilgain, the.aclieu of phosphorus peutochloride on monthone 


* AtUi, Atm. Uhittt. rJijfa., 1686, VI., 7, 136 ; Bevkinaim and Mehrlaoder, 
..ImiaZcn, 1890, 889, 867. 
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gives a dichloro-tctrahy(lro*cymcuo/ which, by succussivo treat¬ 
ment with bromine and quinoline, produces a chlorocymcno ^ 
of tlic constitution— 


CH 3 

I 

0 

/% 

HC CII 

II I 

HC (J.C 

\ / 

I 

O3H7 


10. !Z7tt. HynUicsis ami ConxiilnUumi of Mi'tifhol and 

Mcntlteue. 

Montliol is Llio alcoiiol corrospoiiding Lu iiiurithono, from 
wliieh it can be prepared by loduclioii. Since we have 
eslablished tluil uieiilhunu is (f.) it is obvious ihsil menthol 
must bo (11.)-- 


C1J3 

Cllg 
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(Jll 

CH 
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/ \ 

Had CIL 

ILC CJI2 

1 1 “ — 

—» 1 1 

If-C CO 

llaC CIIOH 
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CH 
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1 

C3H7 

C3FI7 

(I.) 

(II.) 


Nuw, when we dehydrate menthoi, a bydrouarbun, 
cf-menthene, is Ibrined. This might be cither (A) or (B), since 
we can siqqaisc that water is remuved in oitlmr of two miys — 

' liorkenhoim, Ber., 181)2,86,691. 

> jaDger and Klages, Uer., 1896,89, 314. 
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The decisiuii bcLwueu the iwu fbriuuho oiiu be made by the 
aid uf the evideiiuu of the oxidation products of menthone.^ 
When the meiitheue ubtuiiiod from menthol is oxidized with 
iwtassiiim {icrmaiigaiiale solidioii, the first product is a glycol, 
which, according to forniulu (A), would have thu constitution— 

CII 3 

I 

Cll 

(MI.. 


ILC (Ml--()1I 

\x' 

C-Oll 

I 

C 3 II 7 * 

Furthei' oxidation yields a kelono-alcohol, then hydroxy- 
lucnthylic acid, and finally /j-mothjl-adipic acid— 
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Koloue nlcoLol. 

CO 
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08 >l 7 

Hydroxymouib ylio acid. 

COOH • 

iS-Mothyl^pio add. 


« Wnipioi, ilcr., 1694. 27.1689. 
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This is in agreement with the experimental results; bnt if, 
on the other hand, we start from the second possible formula 
for menthene, Che oxidation products would not be those found 
in practioe, but would be the compounds shown below— 




CHa 
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CII 

/ \ 

IToO Cll 
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HaC CHOIT 

CHa 

1 
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Hati^ ^00 H 

HaC Ull 
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Thus the constiluLioii of lucnthone must be— 


/ 

IIsjCJ Clla 

I I 

IIa(J CTT 

N / 

CJ 

I 

CsH, 

This has been confirmed by Wallacli’s recent synthesis of 
menthene,^ in which he chooses as his starting-point 1,4>mothyl- 
cyclohexanono (I.). This he condenses with a-bromo-isobutyric 
ester by means of sine, forming (IL); and then, by hydrolysis 
and heating, causes the acid to lose carbon dioxide and become 
converted into an "alcohol (III.*)* which, on Iwiling witli sul¬ 
phuric acid, loses water and yields menthene— 


‘ VVallaoh, Jitr., 1900, 80, 3504. 
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• 11. 77/r Oomtitulinn of PuU'tjmvr, 

Till! Inst cumponiifl of tlio meiitliono ^owiip with which we 
jicod deal is tho imsatnrated ketone pnlegoiie. 

Tf'a ketonu contains a double bond in the ri/6-position to the 
carbonyl group, bydroxylamine may react with it in two ways: 
forming an oxiiiio in one case, and in the other attaching 
itself to tho double bond to give a hydroxylainino derivative, 
b'or instance, in the case of mesityl oxide, we may liave cither 
mesityl oxime or diacetone-liydroxylamiue produced— 
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CHs.OrNOH 
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CHa.CO 

OH, 


0 

oh; oit, 

McRityl oximp. 


C. Nil. OH 

/\ 

Olh (ilh 

Diacotoiic-Iiydroxylamino 


Now, since pii1(^iio shows a similar behaviour, forming 
either an oximo or a hyilroxylaminc ilorivativo, the prosump< 
tioii is that it also is a kctoiio witli an unsaturntiul group in 
the fi/j-position to the carbonyl radical. 

Again, pulegoiie on mluction is converted into mentlione, 
so that it must contain the skolelon— 
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And since we have ibuiAl that it has the lunpcrties of an 
nnsatiiratcd ketone it can have only three possible form\du.— 
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Tlie evidence which enables us to choose Ijetween those 
three has been supplied by Wallach^i who has shown that 
when pulogone is heated under pressure with water or anhy¬ 
drous formic acid it undergoes decomposition into acetone and 
methyl-cydohexanono. Since this reaction can Ije explained 
by Formula A alone, it is obvious that pule^me must have 
tliat constitution. The break-down may bo formulated in the 
way indicated liclow— 

cir, 
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I I Yii>ld» niolhyl-flyi'loIioxniiDnR 
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‘ Wnlincii. Aunah'n., IStXi, 289, 337. 
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THE DICYCLTU TRRPENEFt 
A.— The CAmniENE-IiORHYLENE Groiti* 

1 

1. Sh/ntluntes of Cam^phoru Acid. 

In tho series of dicyclic torpenos wliich we are about to describe 
tlioTO are three important classes of substances. One gron]> is 
derived from tlio hydrocarbon campheno, another from feuchouo, 
and a third from pineno. Of these by far tho most important 
is the camphene group, with wliich we shall deal first. Tho 
central substance of this group ia tho compound camphor, 
^'ioIIiaO ; but in order to prove the constitution of this body it 
will bo necessary to proceed step by step, and in the first place 
to prove the Gon.stitation of camphoric acid, which is obtained 
from camphor by oxidation. 

Komppa ^ and, later, Perkin and Thorpe ^ liave synthosiKeil 
camphoric add. Wo may deal with botli of these syntheses, 
bf^nuing with the method Employed by Komppa. 

In this synthesis, tho starting materials are oxalic ester and 
/3/3-diiuothyI-glutaric ester. These are condensed together with 
sodium ethylate in tho usual way, producing dikctoapocam- 
phoric ester— • 

COOKt H'clI.COOEt CO-CII—COOEt 

I - 3EtOH I I 

CHa-.C.CHa -> CH3—C—Clfa 

COOEt II.6 h.COOK t CO-CH-COOEt 

^ Dlkotoapocampborlo oator. 

This was then methylated by means of sodium and metliyl 
iodide^giying diketocamphoric ester— 

> Komppa, B«r., lOOS, 36, 4332; Annaien, 1900,368,123; 370,209. 

* Parkin and T^pe, ZVoiu. Chm. 80c., 1906,89, 796. 
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00—-OH—COOEt 

OH 3 —i—CHs 
CO-C-COOEt 

I 

CHa 


It oliviouR that, »ince tho formula is symniotrical, it 
makes no (liffereiicc wliioh hydrogen atom is replaced hy tho 
raiithyl group; tho end-product in each Ciiso is tho same. 

Tills dikoto-oster was dissolved in sodium carhonatc solu¬ 
tion and then treated with sodium amalgam in a stream of 
carbon dioxide; by this means the two oarbonyl groups were 
rcdiKMid, and dihydroxy camphoric acid W'as formed, tho ester 
being hydrolysed by the alkaline solution— 


CH(OTI)-CH— (JOOII 

I 

CII 3 - C CII 3 

(311(011)— c —c;( K)ii 

I 

CIT 3 

1 liliyilniNyiMinplinric lu-iil 

On boiling this substaiioe wltli hydriodic acid in proscnco of 
rod phosphorus, it is eonvurlod into dehydrocaniphoric nciil, 
which may have either of tho constitutions shown bolow- 
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CH-- C -'COOll 

OH, 


1 
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i)(‘Ii)'dm<iainphoric iKsid. 


The constitution of this acid is of no importance, however, 
as the next two stops in tho syiitlicsis will yield the same final 
product from either of the two (vcids formulated above. Tho 
dehydrocamphoric acid is heated with hydrobromic^ acid in 
acetic ooid solution to 125^ G., whereby it is convert^ into a 
bromo-acid, which is then reduced with zinc dust and acetic 
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acid to a substance which is identical with ordinary racemic 
camphoric acid— 


Br.CH- 
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Itacomir camphoric acid. 


It will he seen at once that tlic exact constitution of the 
dehydrocaiuphoric acid is of no gi-uat iin[K)rtanco, ns Iho posi¬ 
tion of tlm bromine atom in tint hronio-acid does not nflbct the 
constitution of the fimd camplioiic acid. 

Tlie syntliesis of I'erkiii and T)iori>c starts from Iri- 
inciihyl-1, 2, 2-bromo-l-cycIopentano carboxylic estoi’, which is 
shaken with a mixhiro of i)otaHsiuiii cyanide and hydrocyanic 
acid solutions. 'J'ho resulting' snhstanee is lieated and then 
hoilod witli acetic nuliydi'ido, wlioinby racemic camphoric 
aiiliydrido is formed. 
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C'-iiiii|tliori<‘ .K-id. 


One ]K‘cnliarity of camphoric aciil may be FMtinted out 
here. An cxainiiiatiuii of the formula shows tliat cfunplioric 
acid has two lisynimetriu carbon atmns in its ring—these are 
ilistiiigiiished by asterisks in the following formnliL:-- 


CII2 Off—COOH 
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C’Ffa C* (Hinjr 
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CHa 

Now, when we attempt to racemize dextro-cainphoric acid by 
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of the usual nictliods, it is found that instead of producing 
on cqiiiinolecular mixture of doxtro- and liBvo-camphoric acids 
we obtain merely a mixture of dextro-camphofic acid with 
a new substance, Iffivo-iso-oamphoric acid. From this be¬ 
haviour of camphoric acid it is deduced that instead of both 
asymmetric carbon atoms in tho dextro-ocul Wng inverted 
(which would give us the mirror-imago hevo-camphoric) only 
one is altered; so that half the inoloculo remains as it was. 
The change from rf-oamphoric to /-isncamphoric would be 
rej^resuiited thus— 
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2. Tlut Synthem of Camphw. 


Fiem synthetic camphoric acid *wu can obtain ciimphor 
itself by the following method. When camphoric anhydride 
is trcaiiUil with sodium amalgam it is reduced to canipholido,^ 
the leaction being analogous to the production of phtbnlide 
from plithalic acid— • 
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Camplioilc iiiiliyrlcido. 
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Uompbolido. 


‘ Hallor, Bull wc. rftim., 1896, [iii.|, 15, 7, 984; Fontor, Trans, Chm. 
Soo., L89C. 65,36. 
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Oampholidu, on ti'oatiuoiit with potassium cyanide, produces 
,a nitrilo*salt, which, on iiydrolysis, gives homocamphuric acid; ^ 
this action oxactly like that which produces homophthalic 
acid from phthalide— 
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llumooiUlipburio nciil. 

Fit)m thin hoiiKicaiiiphoric acid it is cosy lo produce r-aiuphor’* 
itself by disLilliiig the letul or cahsium salt of the noul— 


Glia GH -OJL.GtJO 


GIL .GH 


-GIL 


OHa- G-~GHj 

I 

OHj. --G- 

GJfa 


C(X) 


I -CttOO, I 

Oa- > GHa—G—OII3 

I I 

U Glia-G, GO 

I 

GHa 


This synthesis eoiifii'ms the camphor formula which was 
put forward in 1893 by Bredt.^* 


3. Dvmeol and Camjiume. 

When camphor is .reduced by means of sodium and alcohol* 
it yields a secondary alcohol, bornool, which has the fbnuula— 

' Holler and Blona, Com^i. mud., 1900, ISO, 87G. 

> UaUor, Omu^ rend., 1896, 188, 146; Br^t and BuHcabotg, Annatm, 
189G, 880. 

* Brodt, Ber., 1898,88. 8047. 

* Jackson and Meneko, Am. Glum. J., 1B83, 0, 8T0; \7allaoli, "^onalm 
1886,880,885. 
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(jjfg-(Jif cifa 

Cifa—C -CHa 

CHg-C CIl.OH 



i3oniuol. 


Tliis iilcohul ucciu-s in dcxtro- and lievo-ibrius, cither of 
wliicli limy be obtained at will by rediiciii}; the coiTcspoiiding 
dcxtro- or hiivo-camphor. llurneol in nut ilie only pmUiet of 
tbin reaction, however, ae at tlie same time a sniall iiuanlity of 
an isomeric isoborneol - is produced, wIloso constitution is not 
yet definitely proved. 

The hy<lroxyl xtuUcle in b(»rneul can bo i-eplaced by a 
liulogon atom in the usual way,* and if the horny 1 iodide thus 
formed be reduced by means of zinc dus-<, acetic and liydrioilie 
acids,^ a hydiecarboii caniphano is produced, which is tlie root- 
substance of the cainplior series. It lias the forniiila— 


(^Ifa 

(Ml <m.. 

cm. 

1 

CJI, 

1 

- CJ CHa 


1 


fll, • 


I'aiiipliano. 


4. I tom ff ft'nr. • 

When boniyl iodide is heated witii alcoholic potash to 170“* 
it is converted into an niieaturated substance by tho loss of a 
molecule of a hulot^n aeid.^ This coiniiound, bornyleue, on 
oxidation yields camphoric acid. 

f • 

* Moiitgolllcr, Cvmitt. rentl., 1871), 89 ,101 j Hallor, ibtd., 1887,105, 

•Ill pruoticu, liowu^ur, boniyl io(U^ is usually preparod by tho action o£ 
liydrioiliu n>iid on piuouo, us the yioids from boruool are very poor. 

* Asuhnii, Her., 1900,88,1008. 

* Wagner and Brickner, Her., 1900,88,2121. 
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-CH, 


CH,- 


CH 3 —C—CHg 

I 

0-- --CHOH 

I • 


CHg 

Uonwol. 


CHg-CH-CH 


CHg-C-CJH, 


CIL 


3 • 


—C3 

I 

CIFg 

l-iorii} lone. 


CH 


OH3—C—CII3 

I 

CHg-C - -- -CH.I 

I 

dig 

Bornyl ioditlo. 

(;H_CH-COOII 

I 

riig-C dig 

I 

CHg C coon 

I 

dig 

Cuiitphoric m'UI. 


Hurii^Iujiu tiioiDfdru hu» lUe .striictiu'u showu above. 


5. DecomjKmlioft Pmlucbt of iJttmitlujrr. 


Let us now return lu tliu problem of camplior. The must 
vulnerable iHiint in the camphor iiiuleciilc Is the carbonyl j^ioup 
and the iuljaoeiit mothyleno radicle. Thu ring at this 2 >oint is 
so easily attacked that it may be broken by u simiile hydinlyliu 
reaction. When camphor is heated with sodium and xylene 
to a temperature of 280^ C., the ring opens; and when the 
reaction mixtui'e is poureil into water, the sodium salt of 
cam 2 )ho]ic acid ^ is rurmed— 


CHg-CH-CHg 

CHg—C— dig • 

I 

CHg- - C CO 

I 

dig 

Camphor. 


dig- CH- -CHg 

Cilg—(1—CHg 

Cll^ -c- -cooil 

I 

dig 

Cajux)holio uuiil. 


Tlie same acid has been obtained by Haller and Tllauc ’'from 
campholide, a method of syntlicsis which estahlislius the cuusti- 
tution of the substance beyond doubt— 


‘ Maliu, Awudmt 18C8, 146, 201; Kaohlor, 1872,162, 262. 
* HalloE aud Blanc, OompL rend., 1200, 180, 87C. 
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CO crig (JHarT OHj, 

+111 / \ . llUr ' JJH / 

(*hH|| t)-—> ChHii O — ChHh —CJslIn 

CO CO ^0011 OOOH 

Ciunphoiic nnhydiiik). Cainpholido. JSroraouam|lioliu Oa mjgh olie 


Now, when caiiiiihoUu acid is oxidized with uitric acid, the 


newly formed methyl {^-oup 
('amphoric acid is foniied— 

Cllg.Oil - Oils 

I 

Clla-O-Olla 

I 

oHa 0 c:uon 

• ■H, 

Cuiiipliuliu uuid. 


is oxidized to carboxyl, and 
CJl. . Oil-COOK 

I 

(Jjrj-O—(Jlia 

I 

(lla (' OOOH 

I 

cir., • 

Uiunphuric a^id. 


Further action of nitric acid upon tlie latter substance 
gives rise to cainphaiiic acid, which is oxidized in its turn to 
eaiiiphoronic acid— 


Cii -(«|{-cooil OH, 


OII 3 -O—CJl;, — 

I 

CHp-. 0 -OOOH 

C 113 

Cuiiipbocic auid. 


C- OOoll 

' o 


Olh,- 


1—OH,, 


cifo-d-00 


I 

0TI3 

Oaraphaoio acid. 

OOOH OOOH 

I 

CHg —0 -01X3 

CIJjs- 0 -COOH 

CH,- 

painphorouio awd. 


The constitution of camphanic acid ^ is proved by tho hiot 

BoyUor, “ Diasectatiop," Leipzig, 1891; Dredt, Bar., 1694, 81, 9097;' 
Lapworth find Leuton, Trana. Ch^ Soe., 1968,81,17. 
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tliat it can be obtained from bromocamphoric anhydride by 
boiling with water— 




C- 


|\ 


-CO 


Hr \ 
CHa—C-CJttg 0 

, I / 

I 

CHa 

UromocaiaplioriQ anhydride. 


CH, 


-C-COOII 


CIL 


CHa—C—CHa 0 
I 

-c -CO 


CHa 

Gamphuiio ooid. 


The constitution of camphoronic acid was established by the 
synthesis of Perkin and Thorpe.^ These authors first prepared 
j3-hydroxy-trimethyl-glutaric ester by the action of zinc upon 
a mixture of acotoacutic ester .‘lud a-bromo-isobutyric ester, or 
upon a mixture of dimetliyl-acetoauetic ester and monpbrom- 
acotic ester— 


(CH 3 ) 2 C.JJr 

I 

OOOR 


CO- 

I 

CHa 


-ctu 


(!;OOR\(OUa! 


(Cna)aC 


-CO 

COOK CHa 


llr.CHa 


,)aC-C(OH)-CHg 

I I I 

/ ' COOK CHa COOK 

jB-Ilydrozytriuxothylglatario eHter. 


00 ll 


By replacing the hydroxyl group first with chlorine and then 
by cyanogen tliey obtoiudd the nitrile ester of camphoronic 
acid, from which the acid itself was produced by hydrolysis— 


(0Hs) 2C-C(0H8)-CHa (CHa)sa-C(CHa)-CHa 

I i III 

COOR CN * COOK COOH COOH COOH 

Camphoronic nitrile. Camphoronic acid, 

Wheu camphoronic acid is heated to above 135° G., it loses 
water and is converted into anhydrocamphoronio acid, CgHiaOc. 
By brominating the chloride of this acid, two isomeric bromo- 
anhydrocamphoTouic (ddorides are produced, one of which, when 
boiled with water, *gives the lactone of an unstable hydroxy- 
oamphoronic acid (camphorauic acid), while the other yields 
stable hydroxycomphoronic acid. Camphorauic acid, when 


* Perkin and Thorpe, 2Vans. Ch0m, iSda, 1897,71,1169, 
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fused with potash, breaks down into oxalic and trimethyl- 
succinic ocids.^ These changes may bo expressed thus— 


COOH COOH 

I I 

CHi—C-CH, 

I 

CH, --> 

Jx)0}r 

CamphoEOiiio acid. 


COOH ' COOH 

CHs—C- Jh 

I ' • 

CHs—C—CII3 

I 

CO 0 

Oaniplioratiio acid. 


COOH COOH 

I I 

CHg—CH COOH 

I 

> CIIj—0—CHj 

I 

COOH 

Trimothylsocciiiio and oxalic acids. 


. 6 . Canipl^m. 

Camplieuu, CjoHir,, is a hydrocarbon isomeric with boniyl- 
cno; but its constitution is still one of the enigmas of orgiinic 
chemistry. It would occupy too much space wore we to weigh 
the pros and cons of all tlie fornmhe whicli have been proposed 
for tlie compound; and in the present section we can do little 
more tliau indicate the difficulties with which the problem is 
siuTounded.^ 

In the iirst place, we may give two of the methods by 
which the hydrocarbon can be produced,* as these show how 
complex the question is, even in its earliest stages. 

llertlielot ** prepiued it by heating pineno hydrochloride or 
hydrobrouiide with sodium stearate to 200‘’-220“ C. Wallach < 

1 Brodt, Annalm, 1898,889,160. 

■ For rooent discuHsions of camphone's structure see Aschan, Awnakn, 1910, 
876, 336; Lipp, ttid., 1911,888, 266; Iteudorson and poilbron, Trans., 1911, 
89,1001. 

* Crude " camphenc ” appears to contun materials other than pure cam- 
phene (Aschan, AnmUm, 1910, 376, 336). 

■ }3ortheiot, Oompi. rend,, 1862, 66, 496. 

- < Wallooh, Awndlen, 1885,880, 883,239. 
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obtained it by dehydrating borneol with potassium bisulphate 
at 200^* C. or by heating boruyl chloride with aniline. We 
already know that bornyleuo contaius the skeleton (I.), and as 
we shall see later the pincne molecule contains the skeleton (II.), 

C-C--C (J-C-C 


1 

1 

c—c—c 

1 

C—C—c 

1 

c 0 a 

(J_ (J_ 

1 

c 

1 

u 

(1.) 

(IL.) 


so that even ut this stsige some intramolecular change must bo 
assumed during tlie formation of camphcnc fnnu one other 
of tliose groupings. Once tho canipheim skeleton is formed, 
it is extremely stable. Those reagents which usually prodneo 
intramolecular reiirrangonient act u])ou it only at liigh tem- 
{)eratures, and then’ eilbut is to bring about deep-seated elnuiges 
in its structure. 

When camphenc is treated with bi'omiuc, tlie first reaction 
appears to be an addition of one molecule of the halogen ; but 
this is immediately followed by a separation of liydrobromic 
acid, leaving a luono-bromocamplieue.^ By further action of 
bromine or by bromiiiating eampliGne in ligroin solution at 
-10' (J., a halogen additioA product, camphene dibromide,^ is 
obtained which has the composition OioHxcBra. A tribroinide, 
CioHieBi’s has also beeu obtained, which is piDbably formed 
partly by substitution and partly by addition. 

Concentrated nitrie acid forms witli camphenc an addition 
product cotftaining eipiimolecular qun.iitities of the two m- 
agents.” 

Hydrochloric acid acts upon camphenc giving the chlorido 
of an alcohol, isoborueol; whilst a mixture of sulphiuic acid 
and acetic acid produces with camphene tho acetate of the same 
alcohol.'^ • • 

' WaUfKh, Annalen, 1885,830, 233. 

■'lieychlflr, Ber., 1896,89, 900. 

* liouvoault, Btill. soc. c7um., 1900, (8), 88,633. 

* Burtram and Walilbaum, ■/. pr. Otum,, 1894, (2), 49, 3. 
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Jiy tho ocMdU of nascent nitrous acid upon camphene,^ three 
compounds are simultaneously formed: camphene nitronitrosite, 
C,oIlio(IfOa)a. NO; campheno nitrosite, Ciollio'. (NOg) . NO; 
and caiii])heiiylnitritc, Giollir.. 0 . N: 0. When the last com¬ 
pound is healed with potassium hydroxide splution it yields 
a ketone, camphcnilonc, OvHuO; whilst on reduction it pro¬ 
duces campheuilan aldehyde, GgHic. CHO. The same alde¬ 
hyde is formed from campliene hy the action of chromyl 
chloride and hydrolysis with water.^ 

Oxidation of campheno with alkaline pormaiiganaio ^ pro¬ 
duces an 80 per cent, yield of camplienic acid. 

When nitric ocid^ is substituted for permanganate, the 
first product isolated is camphoic acid, a tribasic acid which 
on heating loses carbon dioxide and produces apocamphoric 
acid. Tliis ntaction recalls tho behaviour of nuilonic acid; and 
the constitution of ciimphoic acid is thciefore assumed to be 
that which is shown below-- 


CHj-Oil-COOII 

GH,-a -GIL 

I 

on,-0-COOL 

ioOH 

Gunphoic acid. 



OHg-CH-GOOH 


OHj 

Glia 


U—GH. 

I 

CH-GOOH 


Apocaiuphoric acid. 


Gomphoic acid is also obtained by the oxidation of dihydro- 
ciunpheno.^ 

Henderson and Sutherland*' obtained, among the oxidation 
products of camphenc, iso-camphenilau aldehyde (supposed to 
bo a stereoisomer of camphonilon aldohyde), campheuilone, and 
an acid GiolIujOa, isomeric with iso-cainpheuilanic acid, into 
which it is transformed by heating wiUi acetic anhydride. 
When acted upon by chromic acid, camphene is converted into 


■ Jogelki, Ber., 1699. SB, 150i. 

* Brodt and Jogdki, Aimakn, 1900, SIO, 112. 

* HawotUi and Kins, Trana,f 1012,101,1976. 

< Marsh and Gardner, Trtmt., 1801,60,61; 1896,60, Tl. 

* Lipp, Annalen, 1911,88S, SW. 

*'Henderson and Sutherland, ZVofU., 1911,00,1589. 
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camphor.^ The ozonide of camphene yields on decomposition 
. formaldehyde, oamplienilone, and dimethyl-iiorcampholido. 

Finally, Henderson and Pollook^ liavo shown that when 
camphene is reduced by Sabatier and Sondorens* method it 
yields, not oamphane, but an isomeric hydrocarbon. 

We must now see how far this evidence takes us. 

In the first place, it is clear that the syntheses of camphene 
throw no great light upon its constitution. Either the pro¬ 
duction of camphene from bonieol or its formation from 
pinene hydrochloride must entail a molecular rearrangement, 
since these substances do not contain the same skeleton; and 
it is not impossible that both reactions are attended by 
intmmolecnlar change. 

The reaction between camphene and bromine brings ns a 
stage further. Ethyleno derivatives sometimes react,in this* 
wayi when at least one of the carbon atoms joined by the 
doable bond carries a hydrogrm atom. Further, the ready 
action of tho halogen in the case of camphene leads to the 
conclusion that it probably contains some grouping such as 
K 2 : C : OHa or II 2 : C : CHR; since these ore more readily 
attacked than the parent hydrocarbon. Tho possibility that 
the action of bromine is duo to tho presence of au’easily- 
oi>ened polymcthylene ring in the camphene structure appears 
to be nt^atived by tho raoction between tho hydrocarbon and 
nitrous acid, which implies the presence of an othylenic bond. 

Tho behaviour of caiflphenyl nitrite with caustic potash 
points to its probably liaving the structure C 9 H 14 : CH. 0. N : 0; 
which would indicate Lliat camphene itself contains the group 
HaC : OHj. 

It is now nccessaiy to gain information with regard to tho 
position of the two methyl groups; aftid the syntheses of 
camphenic acid ” and dimcthyl-norcampholide * supply the 
required material. From the structures of these compounds 
shown below it will be seen that the two methyl groups are 
attached to a carbon atom outside the pentamethylene ring. 

• ■ 

* Armstrong and Tilden, Ber., 1879,18,1766. 

* Hondorson and FoUook, Tram., 1910, B7,16SX); comparo Lipp, dntutkn, 
1911, 888; 365. 

* Lipp, Ber., 1914,47,871. 

* Koinppa and Hintikka, At., 1909,48, 898. 
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CHg—(Jir—C(cir3)2~-oooH 

CH- 

I 

cir*—oil—cooH 

Gamphonie aoid. 


CH—C(CH8 )j 
^H, 0 
-iH—CO 


Clf,- 
Dimothyl-noicampholido 


This evidence excludes the Semmler formula for camphene:— 

OTIa -CH 

CH,- C-CH, 'C:CH, 

on,-Cll' 

since in it there is no fivc-mcmbored ring free from the 
dimethyl part of tin; molecule ring. 

So far, then, the experimental evidence points towards the 
Wagner formula:— 

oiijj-.011-0(0113)2 

ent, 

CH,-CII-C:C1I, 


but it must be admitted that even this formula will not fit nil 
the fucts. It is dinicnlt to see how the production of uam- 
phenic acid can bo accounted for dii-ectly. 

The only solution is to assume that intramolecular changes 
occur in the camphene molecule under the action of various 
reagents ; and, as will bo seen in the lust section. of this 
chapter, some such intramolecular rearrangements must be. 
postulated if the behaviour of this group' of terpenos is to be 
explained in a satisfactory manner. 


..J IJ.—FENOIlBin? AND ITS DbRIVATIVIES. 

1. The Sytithr^es of Fmchom and Fenehyl Alcohol, 

Until quite recently, the exact constitution of fenchone 
had not been placed beyond doubt; for its d^radation pro¬ 
ducts are labile and difficult to utilize in the problem of 
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detennining tho striioture of the parent snbstance. A syu* 
thesis of the substance has now been attained, however, whicli 
establishes its constitution.^ 

The actual synthesis starts from loeviilinic ester and 
bromacetic ester which arc condensed together by moans of 
zinc— 


CUj - COOC3IIB 

+ 


CHj- CO Jlr. CIIj. COOOjlI.-; 

I 


CII, 


CHg-CO 

I ■ 

o 

I 

CHj - C -CHj.COOCaTlB 
CHa 

(I.) 


The lactonic ester (F.) thus formed is heated with potassium 
cyanide, whicli converts it into the nitrile (11.). Hydrolysis 
yields the tricarboxylic acid (IFF.). 


(JHj- COOCglls 

IfydrolyviH 

CHa-COOCglF, --> 

Cllg- C—CN 


CHs 

(II.) 


CIF2 - COOH 

CHa.COOH 
CHa—C- - COOH 


CIF, 

(HI.) 


On heating with sodinm and bonzeiic, this substance fonns a 
pentaniethyleue derivative (IV.); and when tho ethyl ester of 
tills is condensed with n-bromoacetic ester in presence of zinc, 
a new chain is added,* as shown in (V.). This compound ap¬ 
parently loses water add forms (VI.); for the reaction mixture 
contains botli matciiols— 


CH 2 -CO 
CHy-C—COOH • 

I 

CH. 

•(IV.) 


CHj-C(OH)—CIFj. (JOOOjHb 


Jlr.CirjCOOCsH, 
--> 


ill 


OH*-C—COOEt 

I 

CHs 

(V.) 


1 liuxicka, Bcr., 1917, 60,18GS. 
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and 


CHjr-C-CH.COOCjHo 

CH, 

CHg—(J—COOCgHs 

I 

CH 3 

(VI.) 


Tho mixture is treated with phosphorus tribromide iu chloro* 
form, which converts it all into (VI.); and then the ester 
is reduced to (VII.). The lead salt of this breaks down on 
distillation in the usual manner, forming the internal ketone, 
methylno7'camphor (VilL). 

CHg—CH—Cllg. COOCgHs 

CH2 

, I 

CHjr-C—CJOOOallG 

ill. OHg 

(Vir.) (viii.) 


difilUIation 


-> 


of loud sii.(i 


CHff—Oil—OHj 

I •! 

ailg 


CHa-C- -CeJ 


Methylation by means of sodamidc and methyl iodide com¬ 
pletes tlio process, producing a mixture of fonchosantcuouo 
(IX.) and racemic fenclioiie— 


CH.CH, 

I 

CHj 

OHa-0-CO 

I 


dig 

(IX.) 


■ CHa-CH-C(CH3)2 



Ifcnchono. 


Thu synthesis proves tho correctness of the formula pro¬ 
posed for fianchone by Semmler.^ 

Itcduotion of fenchone produces fenchyl alcohol, which 
must therefore have the following structure 


< Sommlei, Oh. Ztg., 1906, 29, 1818; compoia Bouveaujit and LovoIIoIb, 
Ooru^ rend., 1906, IM, 180. 
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GHj—CH—C(CH3)2 
I 

CIT2 

(JHs-C- on. OH 

cn, 

Fcnchyl iuoohol. 


, 2 . The Dcc(mpoifUion& of the Fenchenes. 

For a long time the structures of the fonchenes were a 
puzzle to organic chemists. As we liave seen, the reduction 
of fenchone yields fenchyl alcohol. It is found that ^-fenchone 
gives rise to a 1ievo>rotatory alcohol, which is therefore de¬ 
scribed as l)-/-fonchyl alcohol. When this is treated with 
phosphorus pcntachlnrido at a low temperature it gives 
D-f-fenchyl chloride which, with aniline, loses hydrochloric 
acid and yields J>-Z-feiichenc. This compound is now known 
os a-fencheno.^ 

If 2ihosphorus pentiichloride bo allowed to act on fenchyl 
alcohol without cooling, a rlextro-rotatory chloride is formed, 
which on treatment with aniline, pi’oduces D-^-feiichcne, or 
/’l-fenchene. It is also possible to praparo /j-fencheno by 
heating fcnchyl alcohol with potassium liydrogcn sulphate.^ 

The constitution of l!)-/-fenchciio (a-fenchene) has been 
dealt with in the following way.’* Whan it is oxidized with 
potassium permanganate it is converted into a hydroxy-acid, 
D-f-hydroxy-foncbenic acid, which has the composition CioHuOs. 
This body, when ti^ated with lead peroxide and sulphuric 
add, loses «carl>ou dioxide and two atoms of hydrogen, being 
converted into D-tf-feiichocamphoiono, C'gHi 40 . By nitric 
acid this last compound is broken down to apocamphoric acid. 
This production of apocamphoric acid from fenchene shows 
that in fenchene itself one of the carbon atoms must be attached 
to the nucleus at point differept from that at which the methyl 
group in camphor is placed; os otherwise we should find 
camphoric acid produced in the end instead of its next lower 

f 

1 Eominpa and RoBohier, Awn. Acad. 8 ci. fennkae, 1915, (A), 7, No. 14,1. 

• Rid. * Wallach, Annaim, 1898, 800, 204; 1001, 815, 288. 
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homologuc, apocamphoiic acid. The only way in which wo 
Ci'in satisfy this requirement is shown in the formnlse below— 


CH,-(;h- 

I 

CH 3 —C-CHg 

Cllg- 


C:OHj OHg-CH-0(OH).COOH 


-in- 


CH, 


OHj—i-OH 3 


CH 


])-I-fencheno. 

Clfy-CH 


2 


CIl- 


OH, 


- > 


CHj—C-CH 3 


Jfydcoxyfonchenio acid. 

CO CHg-CII.COOH 


CHg-CH-CHj 

fcnchocamphoroiie. 


CH 3 -C—CHa 

I 

CHg-CH.COOH 

Apocamphorio acid. 


T)-/-fencljuno, therefore, has the constitution ex])ressed hy- 

CHj- CH-O.CH2 

CII3—i—CH3 

I 

CHg- CH-CHg 

flow Biicli a structuru can arise by the dehydration of 
fenchyl alcohol nr tho lumoval of a molecule of hydrochloric 
acid from fenchyl chloride, is one of tho piiz/ilcs of organic 
chemistry; and the matter is not imido simpler by tho 
occurrence /)f the second foncheiie isdmer. 

With reganl to the constitution of this /3-fenchene, v^ry 
little is known.i Wlion prepared from racemic fenchyl alcohol 
and sodium hydrogen sulphate, it forms part of a mixture of 
hydrocarbons from which it can be separated by distillation. 
Tho pure product, on oxidation with alkaline pefmanganatc, 
yields r-hydroxy-/^-fenchenic acid, isomeric with hydroxy- 
fenchonic acid. Further oxidation, with acid permanganate, 
gives j-fenchocaniphoronc, isomeric with fenchocamphorone; 
and a final oxidation, this time with alkaline permanganate, 
produces a dibasic acid, CylliiOj, an isomei' of apocamphorio 
acid. This last compound gives no anhydride, which may 
point to it being a fmras-compound. Beyond that, nothing is 
known of its structure. 


* Komppn and Rosohler, Ann. Acad. 5ci. /ennka, 1U16, (A), 7, No. 14,1. 
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C.—PlNKNE. 

1. The ConetitiUion of Pinene. 

Piiieno is a hydrocarbon isomeric with campheno and 
fenchcno. It was found by Sobroro * that when this substance 
was allowed to stand in sunlight in contact with water and 
air it was, after several luoutlis, converted into a compound 
sobrerol,* OioHuCOH)^, which, on boiling with dUuto acids, was 
changed, by the loss of one molecule of water, into pinol, 
CioHifiO. Pinol was found, on furtlier investigation, to be an 
internal ether of the same type os cineol. Walloch ^ has shown 
that pinol may also be obtained by the action of sodium ethylate 
on terpincol dibroniide. 

When pinol or sobrerol is treated with a 1 per cent, solution 
of potassium pcrmaiigniiate tlui product is a dihydric alcohol ^ 
pinol-glycol, CioHibO(01 I)2. On furtiicr oxidation, a tetra- 
hydric alcohol* sobrerythritc, (yioHiff(OH)j, is Ibi-med, whicli in 
tnni is oxidized to torpenylic acid. Therefore we should find 
in pinene, pinol, and })inol-glycol, the same cliain of Ciirbon 
atoms which we know exists in terpouylie acid— 

I’ll--Oil-Oils 

I 1 

CJHj -C—CH, 1 

j 

j • o, ! 

coon 'CO 

In other words, the pinol skeleton must contain the 
grouping— 

cin— cir— CHa 

I ! 

ciis-c-cn3 

i \o 

• -•-1 

^ Sobrero, Annalen, 1861,80,106. 

* Sobrerol can also Iw oblaliiod by acting on plneue with nieroutic acetate 
(Headenoii and Agnew, 3Va»8., 1909, 95, 289). 

* Wollaob, AnnaUtn, 1890, S58, 309. 

* Wagner and Slawiiwki, Ber., 1891,87,1611. 

* Wagner and Ginaboig, Bar., 1891,87,1618; 1696,88,1195. 

A 
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Into this scheme we have now to fit a hydrogen atom and 
the group— 


CH3—C \ 

I 


and, as can at once be seen, there are two possible ways of 
doing this— 


CHj— - -CH-CH, 


CHj—(J—OH, 


CH 


- 

CH8 

]*inol I. 


CH 


CHj-CH-CH, 

CHj-i-CHj 

^0 

dig- -C-- C 

CH, 

Pinol IL 


On these two assumptions sobrerol, which is obtained from 
pinol by tlie addition of water, would tiave either of the 


furmuhe— 

CH, CH— Cllg 
CHj-C-CH. 

I 

OH 

CJl ■ -c.-CH.OH 

' CII, 

SobroEol la. 


nig-CH-CH. 

! 1 

i dig—C—CII3 

! I : 

i OH 

dig-C -C.OH 

I 

dig 

Sobrerol IIo. 


Now, sobrerol, on oxidation with a 1 per cenr. solution of 
potassium permanganate, gives a telrakydnc alcohol, sobrery- 
thrite. Tliis can only be exploinbd by using the ft)rmula (la.), 
for (lla.) would produce a hydroxy-ketone— 


CH, 


-CH—^-CHg 


CH, 


<L< 


CHr-O-CH 


OH 


CH, 


CH-CH, 


CHg—C—CHg 

-I f I 

OH 

OH CHg-CO 

I 

CHg CH, 

Sobrerol Ua. llTdrozy-setone. 


coon 
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Sobrerol, therefore, has the formula (la.) and' pinol the 
formula (L). 

From tills we may conclude that the fonnula of piuene 
itself is— 


CHj-CH-CHg 

I 

CH,-C-CIC, 

- c—- - Oh 
I 

CJH3 

Piueiio. 


Further evidence in support of this constitution is supplied 
by the bcliaviour of piiienc with diazo-acetic ester. It is woU 
known that the latter body interacts witli compounds 
containing ethyleiiic bonds to produce pyrazolin deiivUtivos, 
which then decompose, yielding trimethylcne compounds.^ 
Now wlien piuene and disizo-acetic ester interact, the end- 
product is a substaucu of tlie following Btructure ^:— 

CUj- - on- -CHg 

CII 3 -C CU, 

Oh - C— 

«■ 

CgUsOOC.CH (JIIj 

and since we know that the ring is formed partly from the 
two atoms between which the double bond originally existed, 
this tends to establish^the pineuo formula which was deduced 
above. * 

In virtue of the double bond in its molecule, pineuo is 
capable of uniting with hydrodiloric acid or nitrosyl chloride. 
Pinene hydrochloride resembles camphor in appearance and 
smell, and is used commercially under the name of “ artificial 
camphor.” Finen<\ nitrosochlorjide,^ on standing in presence of 
hydrochloric acid, is converted into hydrochlorocorvozime by 

. ■ Bttclmer and Curtiiu, Ber., 1886, 18,837. 

* Buchnor and Behorat, Bir.t 1918,46. 9680^ 8687. 

* Baeyer, Ar., 1898,88,80. 



on 

« 
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the wandering of a chlorine atom and the rupture of the pinene 
tetraincthyluiio ring— 


CHa -CH- 

CJIg-C—CH3 

! Cl " ^ 

i_ }^.. 

II I 

N.Oll CHa 
I’inono nitrosou 


-UH, 


CUa-CH- 

I 

Cilj—C—CHj 
Cl 


-CH, 


(JH 


-C------ CH 

I 


nitroBoublorido. 


C- 

II 

N.OH CII3 

Hydroohlorocarvoxiino. 


Pinoui! itself is converted into tcrpiiieol by hydration with 
dilute acids— 


CH, 


. -CH-— CUa 

I 

CII3-C—Cllj ! 




ClI 


c—- 

I 

(ilt, 

I^ncui*. 


N, 


ClI 


Cifa- CH— CII, 

CHs—C-CII3 
OH 

CH - C CJla 

I 

CHa 

Torpiiicol. 


. 2, J'inunifi awl Fihic Aeulg. 

When pinene is oxidized wich ])utassium permanganate, 
the first prtKlnct is a ketonic acid^ which, according to the 
couditions of the experiment, can lie olitmned either as a single 
substance or as a mixture of two isomers. When the single 
substance is produced it is foun<l im havo the composition 
CioHioCa, and has been named a-pinonic acid. It contaius the 
group CH 3 -OO-, for, on treatment with bromine and potash, 
it loscs' a methyl group, takes up hydroxyl, and is converted 
into pinic acid, CsII» 04 — _ ^ 

KOH and Dr 

CsHiflOg-CO—CH#-CsHiaOj-COOH + CHBra 

Dinonlo acid. Piuio acid. • 


t Booycr, Ber., 189G, 29, 8. 
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These changes ore expressed in the following formulca:— 

Is 


CH* CH- 

3H, ( 

JH, CH- C 

1 

CH,—C—CH, 


CH,-0-CHj 

CH - - 0--""l 

ni c 

,'OOH CO-^C 


I 

OHj 

Pinouu. 


CH, 

IMnonio acid. 


CIL 


- CH- 


-CII 


2 


OH,—C—Clfg 

uooir iiooc—OH 

Pinic iioid. 

Now, on hydrolysis with oO {ler cent, snlphiiric acid, 
pinouic iichl gives a kuto-lactuiio,* OioHusOa, which proves to be 
identical with that ohtiiined in tliu oxidation of ter[)iiiuol. A 
siinihir hydrolysis converts jniiene into terpinoul, so that the 
following scheme shows the relations between the four sub¬ 
stances :— 


( 

riiiriic, 1 

511,- 

011,- 

-CH- -( 
1 

-0—oir, 

3H, 

lixidalioii 

OH,--- on ( 

1 oir,-(l-oii, 

( 


C-- l 

- - ^ 

ill 

coon 00 -- 


I'iiiniiic aciil. 

cir 


CJfl, ClI, 

<1 hytinily&is liyilmlyHiH ^ 

cif, —CF{-OH, on,-(51 r- 

I 

cir,-c-OH, 

Tcrpiiicul. I oxiiiation 

or[ - > 

OH -0-- OH, 00 


Olfj-ti-CH, i 


-01 r, 


o' 


\ Kitii-lnctoiic. 




OH, 


(!0-6lf, 

(ill. 


1),—iNTltAMOLHCUJiAK KlSAItltANGJCMENTS IK THE DlCYCLIO 

Teuprmes. 

# •• 

It has already been pointed out in the course of this chapter 
that some of the reactions in the dicyclic terpoue group cannot 


*■ Booyer, Ber^ 1896,80,3. 
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bo satisfactorily represented withoat the aid of assumed 
intramolecular changes. Some suggestions as to the nature of 
suclt changes have been made by Asclian^ and Meerwein;^ 
wliile Collie’' has worked out a more complete scheme with 
which we may now deal. 

In order to account fur the intmmolocular cliangcs proposed, 
three assumptions are made. In the first place, it is assumed 
tliat a trimcthyleno ring Tiiay be formed or ruptured witliin thjs 
molecule. Secondly, it is postulated that a dicyclic compound 
containing two iive-meiubured rings is more stable than an 
isomer which contains one fuur-memborcd and one six-mernbered 
ring. Thirdly, the suggestion is miulo that the grouping (I.) is 
pivferred to (11.) in the course of intramolceular changes. 


(I.) 



(X I ' C 

I clr, I 

C ! C 

(ir.; 


Now let us take Uie changes in the caniphono series as a 
starting-imiiit. Tlie scheme of these is given ou p. 83. Tlie 
first set nro concerned with the conversion of piuene hydro- 
chloride into cainphene. it will bo noticed that the inituil step 
dei)euds u])on the third assuni])tion and consists in a rearruiige- 
mont of the grouping (II.) into the grouping (I.)^ which is 
animmpamed by a wandering of tlie chlorine atom from one 
carbon atom to the next. The next two stages represent the 
splitting off of iLydrochloric acid with the formation of a 
triiuethyluno ring and the subsequent readditlou of the acid in 
a new position to give two jientamethylene rings. Finally, by 
the elimination of hydrochloric acid, campliene is formed, which 
may he represented cither according to the Wagner formula or 
with a trimothylene ring in its system, these two structures 
being assumed to be mutually interchangeable.* 

Tlie second series of rearrangements is based upon this view 

• • 

■ Asolian, AnnnUnf 1913,887,1. 

* Meorwoin, ibtd., 1911, W, 139. 

■ Oollie, private cuiumunication. 

' For a flomewhat parallel rearrangement, compare the conversion of 
dihydrooarvone into earono or the change of oarylamine into vostrylamine, ete. 
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of the duality of the oamphene structure. The trimethylene 
liug variety gives rise to camphenio acid; whilst the Wagner 
formula leads to campheniloiio. 

The production of camphoio acid and apocamphoric acid is 
dealt with in the third series. In thi^ uaso, the first step is the 
production of a hydroxy-aoid by the gentle oxidation of the 
double bond in the oamphene molecule. Tlion follows the 
elimination of water and the formation of a trimethylene ring. 
l>y the readdition of water, this trimethylene ring is opened; 
and the iissiou takes a form which brings into existence the 
grouping (1.) iuBteod of the groii])ing (II.). Finally, oxidation 
given rise to cauiphoic and apocamphoric acids. 

The fourtli Bcries of changes shows the conversion of camphene 
into kirnyl alcohol. The first stop is the addition of a uioloculo 
of water. Then follows elinun.ition of wat(‘r from a (Uflbrent 
])aii of positions, with the pnxlnction of tlio trimethylene ring. 
Thu next formula is ideiiUcal but is merely written in a 
difforent form. Finally, the ttimcthyleiie ring is ruptuied by 
the addition of water and boinyl alcohol is produced. 

Let us now turn to the fenehene senes. Collie symbolises 
the conversions in the f<i]Iowing manner. Assiiinu in thu first 
place that fenchyl aluihol losos water in Ruch a way as to form 
a tiimetliyleue ring within the molecule. The lesultiiig 
compound may lx‘ written in thioe different ways wtiioh are 
Rtiucturally identical: 



Now if hydrochloric acid be added on to the mulocnlo in 
auoh a way as to break the bond between the carbon atoms 
numbered 2 and 8, fenchyl chloride will bo foimed. If, how¬ 
ever, the trimetliylcne ring breaks between the atoms 1 and 6 
and rearrangement into a double Ixmd takes place iostead of 
reformation of the trimethylene grouping, then eithm a- or*j3- 
fencheno may be produced. 
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cH'K-iii-liciii' 



Thn production of apocamplioric acid from o-fenohene and 
tlio oxidation of /j^fcncheno to an isomeric apocamplioric acid 
aro thus symbolised by Collie: 



rk 


frncliiM*;iin|ilniriiiir 


\]iiNMni|il'cinc Ai'i-l 



I'-oincrii' 

ji iVnt'lifK':iin|i1icininc Ai'kI 


Tho chongo of caniphcno into >)oriiyl alcohol may be 
accounted for thus: 



It should be noted that on Collie’s view 
cainphonu and the two fenchencs may all be 
tautomeric forms of a fourth structure which 
contains a trimetliylcne »nniping. 


CTK 





CrAHrilElfS^S UEACTIONR. 

(None: The eymbol Ib luod to roprosont CHj—C-—GH, iiuido the 

' hexagon.) 

1, Couversion of Finene into Gamphone. 




".1 

-01 





I'lnrni’ 

n> doK'liUiriilu 



2. Formation of Gumphenic Acid and Cainphoniloiic. 
^yj~coou 

CJl, 



M-O 





(’tini]i)it.iii' (ll) C:iiiiii1i.-nii' A>'ii| Uiiii]ili<-iii‘ (l) Ciiin;i)ii-iiili)nc 


n. Cainphni(‘. Acid and Apocamphoric Acid fiiiiii Cumpiicnc. 

cnoii 



A]>oriiiiipliiiipr Ariil 


4. Froductiou of Bornyl Alcohol from Camphene. 



CuniplMiie * Bornyl Alcohol 



CHAPTEK IV 

THE OLEFINIO TERPENES 

A.— Intboduction 

Wb have now described the most important cyclic terpcnes, 
and we must next examine the olefinic substances wliich are 
often included in the terpeue group. It might have been 
more logical to have dealt with the open-cliaiu compounds 
first, and the cyclic ones later, but as we should in tlmt case 
have had to assume the constitution of certain cyclic terpenes 
which are closely connected with the olefinic ones, the present 
method of arrangement is more convenient. 

Those unsaturated open-chain substances which are found 
in ethereal oils, and which, in many cases, can be transformed 
into cyclic terpenes, are termed olefinic terpenes, or terpenogens. 
They occur as hydrocarbons, aldehydes, or alcohols, and are 
derived from hydrocarbons of the formula CcHs. In many 
coses the odour of ethci«al oils is very laigely due to the 
olefinic terpenes contained in them. 

The chemical importance of the olefinic terpenes lies in the 
fact tliat from them wo can build up some of the moro com¬ 
plicated terpene derivatives by means of very simple reactions; 
but they are of interest also from tlio bommercial point of view 
as forming the basis of many natural and artificial perfumes. 

B.—ISOPMSNB. 

s 

4 

Isoprone is the simplest of all the olefinic terpenes; it 
contains two double bonds, and has the composition Os]^ Its 
synthesis lias been carried odt by Euler,i*and also by Ipatjew,* 
in the one case starting from methyl-pyrrolidine, and in the 
other from dimethyl-alleuc. In the first case, the methyl- 
pyrrolidine (1.) is allowed to interact with methyl iodide with ^ 

I Eulor, J. pr. Chem., S7,188. * Ipatjew, ibid.^ 85,1. 

8 * 
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the formation of dimethyl-methylpyirolidinium iodide (IL). 
This substance is then d^mposed with potash, whereby the 
ring is broken and ^M>dime&yl-inethylpyrrolidino (III.) is 
produced. The addition of methyl iodide and decomposition of 
the product (IV.) with potash gives trimethylamine and the 
required isoprene (V.)— 

„ (I.) ai.) (HI.) 

CH,—CH—CH. CHa-OH—CHj CHs—CH—CH 

I I -I I —■> I II 

CHa GHj OH, CH, CHg OHj 

V I . \oHa)a 


(IV.) 

CHa -CH-CH 

i « 

CHa CHa 

\oH3)3 


CHa 

(V.) 

CHa—C-CH 

II II 

CHa CHa 


+ N(Cl£a)5 + HI 


The synthesis from diniothyl-allenc is much simpler. Two 
molecules of hydrobromic acid are added on, forming 2-methyl-2, 
4-(iibroinobutanti, from which hydrobromic acid is again split 
off by moans of alcoholic potash— 

CH, CH, • CH, 

C!0:CW, OBr.CHj.OHjBr C.CIi:CH, 

01 ^ Cl(f CI^ 

Dimethyl allono. 


CE, . 

C.CH: 

enf 

Isoprono. 


CH, 


Dimethyl allono. lAethyl-dibromobutano. Isoprene. 

Isoprene is produced by the dry distillation of indiarubber 
and by the decomposition of turpentine oil at a dull red heat. 
Concentrated hydrochloric acid converts it into a polymer which 
lias all the physical properties of indiarubber, and the same 
change takes place on long standing or with traces of acids in 
sunlight. When hrated to 300°* C., isoprene is polymerized to 
a di-isoprene,^ which seems to be identical with dipontene— 

^ Tilden, ZVofW. Own. 5oe., 1884, 46, 410; Bonohardat, 0. B., 1876,80, 
1146; 1678, 87, 664; 1879,80, 861,1117. 
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CH, 

1 

OH, 

0 

HgO OH 

- il 

1 1 

H.C CHj 

HoO OH. 


X/ 

OH 

J 

CH 

1 

b 

/\ 

6 

OH, OHj 

on, ciHj 


In a Bomowhat similar manner isoprene might be supposed 
to give a sesquiterpene in which three isoprene molecules would 
coalesce to form a compound of the composition O 15 H 24 . In any 
probable reaction of this type, it is worth noting, at least one 
unsaturated chain will be left untouched and ready to react 
with further molecules if tlie proper conditions are obtained; 
and it is doubtless to this side chain that wc owe the more 
complex polymer which resembles indiarubber. 

0.—CiTKONELLAL. 

Wc must now pass to the consideration of a substance rather 
more complicated than isoprene—^the compound citrouellai, 
which was discovered by Dodge ^ in citronella oil. Citroiiellal 
is an aldehyde, for on reaction it gives the alcohol citronellol, 
and on oxidation it forms dtronellic acid. Since it is optically 
active it must contain an asymmetric carbon atom. 

Tiemonn and Schmidt,^ oxidizing it in aqui,m& solution, 
obtained os products acetone and /^-methyl-adipic acid, from 
which they concluded very naturdly that citroueUal had the 
constitution— 

(CH,),C = CH.CH,.CHa.CH(0H,).0H2.0H0 

(CH,)2C0 + Jh, . Clfj. CJ1(0H3) . CHj. COOH 
(loOH 

Dodge, Am. Chem. J., 1889,11,466. 

> Tiemum and Schmidt, Ber. 1896, SB, 903; 1897, SO, 33,88. 
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The reason for placing the methyl group in this position will 
be seen later when we deal with ^e production of pulQgone 
from this body. 

This constitution, however, is not in agreement with the 
work of Harries and Schanwecker.i who approached the matter 
from a slightly different standpoint. Instead of oxidizing cit- 
ronellal itself, they prepared its dimothyl-acetal and replaced 
the aqueous solution of Schmidt and Tiemanu by an acetone 
one. Under these circumstances they found that the oxidation 
product with potassium permanganate was the acetal of a 
dihydroxy-dihydrooitronellal, which, on further oxidation with 
chromic acid, could bo converted into a keto-aldchydo. This 
shows tliat the double bond must lie at the extreme end of the 
chain, so that citronellal would have the constitution— 

ClTo CHg 

\ I 

C. dig. (JHg. dig. CH. CHg. U1 [0 

Cilf 

On this view the dihydroxy-compound and the keto-aldehyde 
would be— 

CUg CHo 

\ I 

C(OH). dig. Cllg. CHg. CH. CHg. CHO 

Cl^H 

CHg CHg 

\ I 

CO. CHg. Cllg. dig. CH. Cllg. CHO 

The results obtaiyed by Tiemann and Schmidt would be 
explained by supposing that under the inlluence of the aqueous 
oxidizing agent the position of the double bond was changed 
from the ultimate to the penultimate pair of carbon atoms 
in the chain. 

So far we have not proved the position of the methyl group, 
but we shall now give some evidence bearing upon the point. 
When citronellal is allowed to stand by itself for a considerable 
time it is converted into the isomeric substance isopulegol.^ 

’ HurrieB and Schauwooker, Ber., 1901, M, 1498, 2981. 

* Labbe, Bull. too. ehim., 1399, [iii.], U, 1023. 
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The some change is brought about more rapidly by heating 
citronellal with acetic anhydride ^ to 180° C. The change may 
be represented in the following manner:— 

CH, 

OH, 

CH 

H.d^ \lfj 

CH 

H,0 CH, 

1 '1 

H,C CH.OH 

V 

1 

1 1 

H,C CHO 

\ 

CHa 

1 

1 

0 

CH, OH, 

1 

0 

CH, CH, 


Gitroucllal. Isonnlesol. 


The pi'oof of the constitntioii of isopu'egol depends upon its 
conversion into pulegone. When it is oxidized it yields the 
ketone isopiilegone, which is converted into pulegone by the 
wandorinff ol the double bond— 


Oil, 

CH 

CH, 

CH, 

Oh 

Oh 

^ 

HjC CHj 

H,0 CHj 

11,0 Oils 

i i 

J • 

->• J 

H.0 CH.OH 

H.C CO 

HjC CO 

\/ 

CH 

1 

V 

1 

O' 

!l 

C 

ori, cir. 

C 

/V 

■\ 

CHg CIlj 

CHj CHj 

iBOpulogol. 

laopolegDno. 

Pologone. 


Fronf this it is evident that the methyl group in citronellal 
must bo in the position which we attributed to it; as other¬ 
wise the isopropylene group wohld not comeMnto the 1,4-po6i- 
tion with it in the pulegone formed from citronellal. 

We may postpone the consideration of the alcohol citronellol 


1 Tiemann and Schmidt, Hw., 1696,88,918; 80^ 97. 
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and of dtroneUio acid until later, as they are dosely connected 
with some members of the class of compounds with which we 
ore about to deal in the next section. 

^ IK— Tub Citral Group. 


1. General, 


The group of olefinic terpenes, of which citral is the most 
important member, can all be derived from the unsaturated 
ketone methyl-heptenone. It will perhaps be best, before 
entering upon a detailed consideration of the group, to give 
a small table showing the relations between the different 
members:— 


Methyl-hoptemnio 
Oerauio acid 


Jsr 

Citral 

>/ \ 

Goraniol Nerdl 

Linuool 


Bhodiuio acid. 

/ \ 
Bhodinol llhodinal 


We must now proceed to trace out the various changes by 
which the several substances ore obtainod. 


2. Methyl-heptenmie. 

■ 

As can be seen from the foregoing table, the substance from 
which all the other members of the citral group are built up is 
the ketone methyl-heptenone. We have alre^y encountered 
this compound among the decomposition products of cineolic 
acid, but in ^t place ^e did not deal with its constitution. 

Methyl-heptenone has been syntliesized in different ways 
by Barbier and Bouveault,' Verley,^ Tiemann,” Leser,* and 
Ipatjew.**' We need only give one synthesis here, and may 
choose that of Barbier and Bouveault. In the first place, 
2 -methyl-2,4-dibromobutane is condensed with the sodium 

I > 

> Barbier and Bouveault^ 0. B,, 1896, US, 893. 

■ Yarley, BuU. aoe. ehim., 1897, [iii.j, 17,180. 

, * Tiamann, Ber., 1898, 81,894. 

« Leeer, BuU. aoc. cMtit., 1897, [Ui.], 17.180. 

* Ipatjew, Bar., 1901, 81, 691. 
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derivative of acetylaoetone. This gives the ansaturated dike- 
tone (II.), which can be broken down by strong alkali into 
acetic acid and methyl-heptenone (III.)— 


(GR^G . Br 

(CH8)8C 

(GR^G 

i 

B • 

B 

CH. 

CH 

CH 

1 

1 

1 

CHjBr 

CH, 

CHj 

CHj.CO 

CH3.CO 

CH3.CO.Cnj 

\lH.Na 

V 



CHa.cd^ CHa.Cd^ OH.. CO. OH 

(I.) (II.) (HI.) 


This establishes the constitution of the substance, but if 

• ■ 

fnrtlier proof were required it is to be found in the behaviour 
of nietliyl-heptenune (A) on oxidation. The first product (B) 
is a dihydroxy-ketone, whicli, on further oxidation, breaks 
down into ncetono and hevulinic acid (C)— 


OH, 

\ 

C 

OH, |! 

CH — 

djHa.CUa.CO.Cna 

(A.) 

CII 3 

\ 


CJIs 

0 —OH 

cn{\ 

CH.OH 


iHj.CHj.CO.CHa 

/ ™ 


CI 4 


COOH 

illj.CHj.CO.OHj 
• (C) • 


In itself, methyl-heptenone is of no great importance, and 
we may confine ourselves to one of the reactions ‘which it 
undergoes. When shaken with 75 pei* cent, sulphuric acid it 
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loses a molecule of water and is converted into dihydro-m- 
xylene— 


CH, 
Ha 


CH 

^ \ 

,-C . CH, 

i(!l CH, 

0 :C 

OH, 

Mothyl-heptonono. 


CH 

CH3-C CH, 


-11,0 
- >■ 


HC CH, 

\ / 

C 

I 

CH, 

Dihydro-m-zylono. 


3 . Geranie Acid. 

Following upon their synthesis of inothyl-heptenone, 
Barbier and Bouvcault^ were enabled to synthesize goranic 
add 'by means of a simple series of reactions. By the action 
of zinc and iodo-acetic ester upon niethyl-hoptenone they pre¬ 
pared a hydroxy-add, which, 011 boiling with acetic anhydride, 
broke down into geranie odd. 

The fonnulic below indicate the course of the synthesis— 

CH, 

(Cll3)2C: CPI. CH,. Cir,. CO MotbyMieptouone. 

^inc and iodoaceHe ester. 



(CH,),!!: CH. CH, . Oil, . C . OZnI lutermodiato product. ^ 

CHj.COOEt 

Water. 

CH, 

{CH,),C: CH. CH,. OH,. C. OH Hydrozydihydrogeranie ester. 

OH,.OOOEt 
• * • 

Byirclysis. 


^ Barbira and Bouveault, Com^. mtJ., 1896,128,398; see also Tiemann, 
Ber., 1898,81. 825. 
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CH, 

( 0113 ) 20 ; OH. OH 2 • Clf 2 • OH Hydrozydihydrogenuiio acid. 

dlHjOOOH 

I fDitA OMfio on/iydruZe. 

CHa 

(OH3)20!OH:Oir2>CH2iO:OH.OOOH Goruiic acid. 

Like methyl-heptenone,' geranic acid is of very little 
importance in itself. The only reaction which specially con¬ 
cerns us is its condonsatiou to a-cyclogeranic acid/ which, like 
the corresponding condensation of methyl-heptenone, takes 
place under the influence of 70 per cent, sulphuric acid. In 
order to explain the geranic acid change, it is necessary to 
assume the formation and decomposition of an intermediate 
product which has not yet been isolated— 


CH, CHa 

\/ 

0 

/• 

lie CH.eoOH 

I I — 

Ito O.OHj 

\/ 

CH, 

Oerauio aoid. 


CHg CHs 

\/ 

C—OH 

HaC^ CllaCOOir 


CH, 


Ha^J </ 

\/\ 

tJH. oir 

llypowotical 
intormediate product. 


CHa CHs 

VL.Q \h.COOH 

I I 

HaC C.CHj 
CH 

a-Cydogexauio acid. 


As the table shows, geranic acid gives rise to two series of 
compounds: on the one hand, by reduction, we may obtain 
rhodinio aoid and its derivatives; ivhile on the other we may 
produce the aldehyde citral, from which in turn several sub¬ 
stances may be formed. In the flrst place, we may deal with 
the smaller group, rhodinic acid and its allied compounds. 


4. Rhodinic Add, Rhodind, and Rhodinai, 

When the ethyl ester of geranic add is* reduced by means 
of sodium and amyl alcohol it is converted into inactive rhodinic 

1 Tknnanii and Sommlor, Ber., 1698, 98, 37SI6: Tlemonn aadf Schmidt, 
ibid., 1898. 91, 881; Tiemanu and Tiggas, ibid., 1900, 88, 8718; Barblcr and 
Bouveault, BuU. too. ckim., 1896, [iii.], 16, 1003, 
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acid.* The active, Icevo-rotatory form of this add haa been 
obtained from the active alcohol rhodinol. These two adds 
•are isomeric with dtionellic add, which is obtained bj the 
oxidation of the aldehyde dtronellal, and it has been suggested 
that dtronellic acid is the dextro-form of rhodinic acid. On 
the other hand, from the constitution of dtronellal, we should 
expect that dtronellic acid obtained from it by oxidation would 
have the formula (L), while rhodinic acid from geranio add 
should have the formula (II.). 

CH,: C. CHa. CHj. CHa. CH. CHg. COOH 
CHa CHj 

Gitronellio aoid. 

a.) 

(OU,)iO: CH. OH,. on,. CH. OH,. OOOH. 

djH, 

llhodinio acid. 

(il.) 

The literaiuit) of die siihjoct is somewhat contradictory, 
and it does not scorn necessary to go into the question in 
detail here. 

When die ester of rhodinic acid is reduced by means of 
sodium and absolute alcohol it yields the con-esponding alcohol ^ 
rhodinol— 

(CHjlaC; CH. Cila. OHj. CH. CH*. OHjOH 

CHa 

which is isomeric with citronellol. Here, again, the b'terature 
is contradictory, and it seems impossible to dedde whether the 
two compounds are stereo-isomers or differ in structure. 

Bhodinal,’’ the aldehyde corresponding to the alcohol 
rhodinol, is obtained by distilling together calcium formate and 
the calcium salt of rhodinic acid. Barbier and Bouvoault regard 
it as having the structure (I.), becauso of its conversion into 
menthone. CitroneUal, with which it is isomeric, when sub¬ 
mitted to the action of acetic anhydride, is changed into 

t Tiemonii, Bor., 1698, SI, 2901. 

* Bouveanit and Goonnaud, Compt. rmd., 1901,188,1699. 

* Tieznanu, Ber., 1896,91, 2902. 
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isopulegol, as wo have already described. On the other hand, 
rhodinal when treated in the same way yields menthone— 


OHa 

iH 

"cHa 

I I 

IfaO OHO 

\h 

II 

0 

jilaal la 

jthodinri. 

(I-) 




CH, 


OH 

Had^ ^Ifa 

Hai cio 

V 

I 

OH 

cjC 

Montbono. 

(II.) 


1 a. 

on, 


5. CUral. 

])y distilling together the calciniii salts of formic and 
geranic acids we obtain the aldehyde citral.^ iSiuce this is a 
general inaction, the constitution of citral would ])robably be 
that shown in tlie equation below— 

Cll, 

(CH,),0: : OII.OOO-oa 

H.COO-ca 

In support of this formula we may quote tlie <lecomposition 
of citral into acetaldehyde and methyl-heptcnone, which takes 
place when the substance is warmed with ,i solution of sodium 
carbonate. 

Citral, theiefore, represents rhodinal or citronellal from 
which two hydrogen atoms have been withdrawn; and diifera 
from them further id that it contains no asymmetric carbon 
atom, ll'ut though it loses this possibility of isomerism, it 
retains another, for it has been found to occur in two 
geometrically isomeric forms ^— 

1 Tiemum, Btr., 1898, 81,827,2699. 

* Ibid.f 1899, 88, 115; 1900, 88, 877; Bonraault, BtiU. soe. ckim., 1899, 
[iii.], 81,419,428; Bwbfer, ibid., C86; Konshbanin. Bar., 1000,88.886; Zeit- 
Bobel, Ber., 1906,89,1788; Huties and Hiiiunoliiuuui, Ser., 1907,40,2628. 


OH, 


(OH,),0 :ian:CH,.OH,.(!j :On.CH04-GaCO, 
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H—C—CHO 


(CH,)*C; CH. CHg. CH-—C—CH, 

OitMl a. 

CHO—C—H 

D 

(CHa)jG: CH. CHg. CHg—C—CH, 

Gitral h. 

These Imve been shown by Harries and Himmelmnnn to 
be structurally identical; and the relative configurations have 
been deduced from the relations of the two compounds to 
geraniol and nerol, with which we shall deal later. 

Like the other olefinic terpenes, citral can be converted into 
cyclic substances with great ease. When it is boiled for a long 
tirno with glacial acetic acid it is changed into cymeiie ^— 


. CHg OH3 
C 

II 

CH 

HgCJ^ (JHO 


CHj CH, 

\ / 

C 

II 

c 

/\ 

HgO UHOII 


HgO 


CH 

0 

CH. 

OitnI. 


H,i 






V 


CH, CH, 

\/ 

CH 


CH. CH, 

\/ 

CH 


COH 

/\ 

HgC CH.OH 

in. 


lUC 


VOH 

1 

CH, 


-811,0 

- 


c 

HC OH 

I II 

HC CH 

C 


IKemaim and Senunler, Ber,, 189fi, 88,3184. 


CHg 

Oymune. 
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A second condensation of citral takes place when the 
aldehyde group is so treated that it takes no part in the 
action. For instfmce, if we condense citral with a primary 
amino, we obtain a cyolo>citral a simple wandering of bonds 
and rinc-formation— 


CH, CHj 

V 

10 CH, 


CH.OH:ir.R 


H,C C.OH, +9II.0 

X 

Citral dorivativo. 

(I.) 

CH, OJI, 

/ \ 


CH, CH. 

\/ 

C-OH 

H,C CH,.CH:ir.B 


H,C 0 

\ /\ 

(.'If, OH 

(II.) 

cir, CH, 
./ \. 


—► 
-mfi 


H,C OH.C]I:N.K H,0 CH.CHO 

I I —^ i 1 

n,C O.CU, IIwC C.OH, 

V . V 


(ni.) 


tt'Cyolocitnl. 

(IV.) 


The same result may be obtained by condensing citral with 
cyan-acetic ester instead of an amine... In each case, the auut>e 
or cyan-ester can bo split off after the condensation to cyclo- 
citral has taken place. 

Cyclo-citral occurs in two isomeric forms/ the formation of 
either being dependent upon the manner in which water is 
eliminated from the molecule of an intermediate hydration 
product (11.). The formation of /.^-cyclpcitral takes place as 
shown below— 


i Tlomann, Ber., 3900, 83,8719. 
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CH3 CH3 

■ VOH 

H 3 O 

OH, —> 1 

/ H,C 

HjC O' 

(II.) 


0H3 cir. 


CHiN.ll 


II 

C.CIL 


V 


CH 3 CH; 

V 

H .CHO 

> 1 II 

HaC C.CH 3 

X 

jB-Cyolooitrol. 


, The practical interest of dtral lies in the fact that when it 
is condensed with acetone by means of baryta, it yields a 
substajioe, pseudo-ionone, which, by the action of sulphuric 
acid, is changed into iouone,^ the basis of artificial violet 
perfume (see formulie, p. 98). 

This body difibrs from the natural substance irone (to which 
the odour of violets is due) only in the positifin of a double 
bond— 


Clf. CII3 
C 

HO^ . CH: CH. CO. CHj 

II I ' 

HC CH.CHj 

\/ 

CH* 

Irone. 


J 6. Geraniolt Nerol, and Limdool. 

If we reduce citral with sodium amalgam in an alcoholic 
solution weakly acidified with acetic acid, a mixture of two 
isomeric alcohols, geraniol and nerol, is obtained. These two 
bodies, on oxidation*regenerate citral, and on this ground, as 
well as on account of other reactions common to both, it is 

\ 

> THanuMin awS Eztiger, Bw., 1893, 96, 2691; Tlenuain, ibid.f 1698, 81, 
808, 86T, 1736, S318; 1899, 89. 827; Henuum and Sohmidt, ibid., 1900, 88, 
8708. 

- U 
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assumed that they are structurally identical but stereoisomeric 
substances of tlie formula— 


CH 3 

(aHs)8C: CH. CHa. CHg. (!): CII. CHaOH 

Proof of the correctness of this formula is alfordcd by the 
fact that when geraniol is heated with water to 150° C. it gives 
ethyl alcohol and methyl-heptenone; while on oxidation it gives 
acetone, lasvulinic acid, and oxalic acid. 

By the action of acetic acid, to which 1 or 2 per cent, of 
sulphuric acid has been added, both nerol and geraniol give 
terpineol— 


CH, 

Clf, 

1 

CH, 

1 

(!) 

c 

1 

c 

1 1. 



11^6 CII 

i 1 

II 2 C Clf 

: 1 


H 


11.0 CIlaOH 

\ 
ou 

II 

u 

y\ 


CII 


h 


CH, 

orauiol. 


11,0 OII3OH 

\ 

Clla 

I 

C-OH 

\ir 3 

UypotJietical glycol. 


HgO Ollg 
^OH 
C-OII 

011^ \!Hj 
u^rpineol. 


Now, this reaction tukeS place nine times faster with nerol 
than with geraniol; and if the two bodies are geometrical 
isomers, this din’ereuco allows us to draw a conclusion with re¬ 
gard to their configurations.^ A comparison of the two formulas 
below will suffice to show that in (I.) the gmups whidi unite 
to form the terpineol ring are farther apart in space than they 
are in (11.). Tire ring-formation will therefore occur more 
easily in the case of (11.) thau in that of (1.). Hence we must 
ascribe to geraniol the first formula, and to nerol the second— 

H—C—OH3OH 

II 

(0113)20: CH. CHg. CHj-O -CH, 

Qeraniol. 

(I) 


I Zsitsohd. Ber., 1906,88,1780. 
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CHjOH—C—H 

II 

(CIf 3 ) 2 <J: Clf. CHj 

(IL)’ 

We aie now able tu deal with the apace formulea of the two 
citrals. The oxidation of geraniol gives a mixture of dtral a and 
citral in which citral a predominates; while with nerol the 
pniportions are reversed, more citral h being formed. From 
tliin we may deduce that citral a has the same configuration as 
geraniol, while citral h has its groups arranged as in nerol— 

H—C-CHO 

II 

( 0113 ) 20 : OH. 01 12 . -OH 3 

Citral a (Qoranial). 

OJTO—0—II 

II 

(0H8)20: OTI. OTIj. CHa—0—CHg 

Citral b (Norol). 

Both geraniol and nerol are found in nature as inactive 
Bubstauces, which agrees with the forrauhu which we have 
ascribed to them above. The isomeric compound, linalool, 
however, oecurs in both dextru- and Imvo-rotatory forms, and 
must therefore contain an asymmetric carbon atom. The 
inactive form of linalool is convertible into both geraniol and 
norol by the action of acetic anhydride. This reaction can bo 
explained by assuming that linalool has the formula— 

OH 

1 

(CH 8 ) 2 C : CH. CHa. CHa. C. CH: CHa 

I 

CHj 

A comparison of the formulfe of geraniol, nerol, and this 
one proposed for linalool will show that by the addition of 
water tx> each of tliese substances we can pr^iioe in all three 
cases the same glycol of the foimula— 

CH 3 ■ 

(OU^: CH. CH,. CH,. 0. CH,. CH,OH 

I 

OH 
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This formation of a common hydration product suffices to 
explain the interconvertibility of the three isomers; but there 
is one point which seems to render the Unalool formula rather 
doubtful. When we take Imvo-linalool and treat it with acetic 
anhydride, terpineol is formed along with nerol and geraniol; 
and this terpineol is found to be dextro-rotatory. But when 
we compare the formulm of terpineol and liaalool, we find that 
the asymmetric carbon atom of linalool does not correspond 
to that in terpineol; in fact, the atom which in linalool was 
asymmetric is now not asymmetric, while a new asymmetric 
carbon atom has come into being. How optical activity can 
persist through such a change as this appears difficult to 
understand, unless we assume that it is a case of asymmetric 


OH, GH, 

V 

CII, 

I II- >■ 

H,a GH 

^6/ 
^Unalool. 




OH, OH, 

dui 

J{J^ CH-OH 

I I 
H,C GH, 




OH, GH, 
^G^H 

dH 

^H, 

^ II,A dll. 


Intormedinte prodiictH. 


0», OH, 

VOH 

dn 

/*\ 
H,0 OH, 

in 

V 

Ah, 

'/-Terpinaol. 


This terminates our survey of the terpene class. • In con¬ 
clusion, we may append to this chapter a table showing some of 
the possible conversions of mono-cyclic, di-cyclic, and olofinic 
terpenes into each other, and also into memiMrs of the benzene 
series. 
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(CHAPTER V 

ttUBBEn 

1. Introductory. 

Tub exact ilistribiitiou of credit among the pioneers in the 
chemistry of rubber has in recent years produced a most un- 
edifyiug amount of controversy ; ^ and insinuations have been 
matle by at leaat one German chemist which appear to over¬ 
step the bounds of normal scientific polemics. In these cir- 
cuuistaiiees, it seems desirable to give an outline of the history 
of the subject in its earlier stages. 

Ill 1800 Williams^ observed that when rubber is distilled 
it yields what are now known ns isopreno and dipentene. 
On leaving isoprene in a partly-filled bottle for some months, 
he noticed that it became oxidized and was converted into a 
viscid liquid. Wbeu this viscid matcriiil was distilled, at one 
point in the process the liquid solidified to "a pure white 
spongy elastic mass” which, when burned, gave off the eba- 
lacteristic odour of buruing rubber. The material in question, 
on analysis, yielded the following results: 78'§ per cent, 
carbon, 10*7 per cent, hydrogen, and 10*o per cent, oxygen. 
This composition corresponds to isopreno plus half a molecule 
of oxygen. 

Bouchitrdatin 1879 found tliat when hydroclilorio acid 
solution is allowed to act upon iiioprene, one of the products, 
after the reaction has proceeded for a fortnight or three wcek.s, 
is a non-volatile body having the composition G =3 87*1 per 
cent., H ss 11*7 percent., and Cl = 1*7 per cent. If the chlorine 
be disregarded—and Boucliardat believed that its presence was 

* Fur a oomplobo acooimt of tbifi dec Pond, J. Amer. Chem. 80 c., 1914, 36, 
165. Soa also Luff, J. Soc. OJiem. Ind., 1916, ^ 983. 

* WiUiamB, Phil. Trans., 1860, 245; Proc. Boy. Soe., 10, 51G. 

* Bouohardat, Comyt. mtd., 1879,89,1117. 

los 
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due to coDtamiuation by foreign chlorinated oomponude—these 
results agree closely with the formula (CeUR)^. The substance 
thus produced " possesses the elasticity and other characteristics 
of rubber. It is insoluble in alcohol; it swells up in ether, 
also in carbon disulphide in which it dissolves in the manner 
of natural rubber.” Wlicn submitted to dry distillation " it 
forms the same volatile hydrocarbons as rubber.” ” All these 
properties appear to identify this polymer of isoprene with the 
substance from which isoprene is formed, namely rubljer.” 

Harries ^ has in recent times criticized this work of 
Bonohardat and has attempted to prove that Bouchardat’s 
method does not yield the products described. Unfortunately 
for his contentions, he had read the original paper so carelessly 
that he apjvirently attempted a repetition of the work by the 
employment of hydrochloric acid ctoK whereas Bouchanlat 
used aqueous hydrochloric acid. When an attempt is made 
to ropcat an author’s work it is nsui 1 to employ his own 
method; not to try a new one and then declare that tlie 
described method ''seems almost excluded.” Harries also^ 
assorted that Bouchanlat had not proved the identity of liis 
product with true rubber. It is difhcalt to sec what more 
Bouchanlat could liuve done, considering the date at which ho 
worked; and this attitude in the critic becomes more astonish¬ 
ing when it is recalled that in 1910-11 Harries made use of 
tetrabromides. nitrosites, and ozonides as tests to distinguish 
rubbei*; but in 1912-13 he discarded these us being inefficient, 
and concentrated his attention upon the rate of decomposition 
of the ozonides with water.** 

The next stage in the history of synthetic rubber is marked 
by Tildon's paper of 1882.* Tilden showed that when tnr- 
pontine vapour is passed through a red-hot tube, isoprone— 


CH3\ 

OHg^ 


C-CH^CHj 

Isoprene. 


is formed; and he also stated that, by the action of nitrosyl 


Harries, AttnaUn, 1918. 888, 211. 

■ Ibid., Qummi-ZeUung, 1010, M, 868. 

. * Ibid., Looture at Vienna, 12th Haroh, 1910; Cliem. ZeU., 1910, M, 816; 
Annaltn, 1013, 898, 311. 

* Dlldcn, Chm. Nem, 1882, 48, 230. 
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chloride, iaoprene was converted into rubber. Ten years later, 
Tilden^ made public the fact that some isoprene which had 
been kept in a bottle for a long time had undergone change. 
” In place of the limpid colourless liquid the bottles contained 
a dense syrup in which were floating several large masses 
of solid, of a yellowish colour. Upon examination tliis turned 
out to be indiarubber.’* These original samples have now 
been tested by the ozone method and were found to be true 
rubber.* It may be noted that this work of Tildeu’s should 
be regarded as a real synthesis of rubber, and stands in a 
different category from Bouchardat’s. Bouohardat obtained 
his isoprene by distilling rubber; so that his work oonsisted 
of rC'^ynthesizing rubber from its decomposition products. 
Tilden, on the other hand, obtained Ids iaoprene from tur¬ 
pentine, and may thus claim to have made a true synthesis of 
rubber. 

Uarries,* not having been able to Tei)oat Tilden'a work, 
contented himself with the statement that Tilden “never 
proved that he had rubber in his hands.'* 

About 1899 or 1900, Kondakoff^ showctl that other 
members of the isoprene scries could be converted into rubber* 
like materials by various metliods. 

In the earlier pai*t of the present century, the uses of rubber 
were greatly extended; and as a natural consequence there 
was a marked effort to produce the material by artificial means 
on a manufacturing scale. * ■ 

In 1909 Hofmann * discovered that isoprene may be con¬ 
verted into rubber by the action of heat. This is claimed 
as the first technical method of rubber synthesis. If it 
be a practical method it appears curious that, during tlie war, 
many reports *wore current crediting Clermany with smuggling 
rubber in from America via pored post. 

* Tilden, Paper read before the PhiloMophioal Society of Bimiinffham, 1892. 

■ Bnd., Chemical IHacovery and Invention in the Twentieth Century, 1916; 

PioltliN, SVans., 1910,87, t 

* Harrioe, Vienna Leoture, 1910. 

* Xondakolf, On Synthetic Rubber (in ItuBBian) (1918;; J. j>r. Chetn., 1900, 
V. 175; 1901, 68, 118 ; 66, 109. See also Harries' Vienna Levtaro and 
ilmialen. 191 ji, 899 ,186. 

* See Duisberg, Eighth Intemalional Congress of Applied Chemistry, 1912, 
99 ,60, 86. 
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In 1908 a liritlsh syndicate quietly set to work upon the 
pi-oblem of the coiuinercial synthesis of riihW.^ A method 
of obtaining isopruno from fusel oil was worked out, thereby 
ensuring that tho raw material should not be too expensive. 
In the course of some experiments, it occurred to Matthews to 
study tho influence of sodium upon isoprene; and in July, 1910, 
he sealed the two substances up in a tube. Inspection of the 
tube in August showed that tlie contents liad become viscid 
and contained a proportion of lemarkably good rubber. Tho 
vessel was rescaled and left till September, when it was found 
to contain a solid mass of amber-coloured rubber. A patent 
was api)1icd for on 2'ith October, 1910. 

Mcfitiwhile Harries, the Badisehe Aiiilin und Soda Fabrik 
and Bayer and Co. wei-e also at work, and tlie laue was 
becoming a close otic. Harries' story is ns follows.^ He 
claims that in Kebrnory, 1910, he observed, during a piirilica- 
lion of isoprene by distilling it ovei sodium, that the metal 
boil an “ altering " (vemndornde) action upon the hydrexsarbou. 
The fact that rubber-liko materials lesultcd from tho process 
was first established "in September or Oetobei'/' which is 
rather viigiie. Ho states that on 28th October, 1910, be ver¬ 
bally conimunicuted his discovery to u rc})Tesentative of the 
Elbcrfeld Farbonfabriken in Berlin, an<l suggested tliat a 
patent should be, taken out by them. This ])ntent Wiis applied 
for in Cermany on 12th Decmiibcr, 1910, seven w'eoks after 
the British syndicate had applied for their English patent. 

If wo wore to apply to Harries' story the same rigid 
scrutiny as he spout upon the work of Boucliardat and Tildcn, 
tho only evidence which w'e could regard as rek-vaiit would be 
the actual date of the patent application, as no corroboration 
has been olTored by the other details.* In aiiy case, under 
niodorn conditions, priority of discovery counts for less than 
priority of publication; and on that basis the Germans lost 
the Taco. 

The controversy which arose out of this defeat was marked 

• • 

1 Soe Forkin, 3, Soc. Chtm. Ind., 1018, Si, 616. 

* inirriea, Annakn, 1912, 89S, 211. 

* Tho hnt acientiflo publioatioa hy llAtrios on tho snbjoct is datod 26th 
Jane, 1011 {Annalen, S88,188), and ^ thero states (befoce the oontroveny 
arose) that ho made tho discovory at the end of 1910 (Ende dos Jahres 1910). 
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by especial bitterness on the part of Harries;^ and it is a 
matter for congratulation that clioiuical polemics are not 
usually conducted in that spirit. When a person devotes manj 
pages to an attempt to demonstrate that German cliemists have 
a pjj^or claim to a subject, it semns jMiCuliar to find him com¬ 
plaining against “the dragging in of nationalistic motives in 
scientific work.” lleforc the war throw a flood of light upon 
German psychology, we should have been somewhat at a loss to 
comprehend this mental attitude. 

2. The Feoi'buties and Constitution of Natural UumiEK. 

Natural rubber or caoutchnne is a transparent, tough ehistic 
substance having no definite melting- or boiling-point.* It 
absorbs water, increasing^n volume as it does so. It is soluble 
in BcVeral organic liquids, such as benzene, chloroform, Ciiibon 
tetrachloride, dipenU:ne, ligroiii, and carbon disulphide. Its 
composition coiresponds in the formula (CsHfOir- If' 
saturated, combining rotuiily with oxygon and chlorine; ami 
it yields iiitrosites ami nitrosatos with niti'ous fumo.s. Wlion 
distilled, it breaks down inlo a inixtni'c of hydrocarbons of 
which the chief arc isu])ronc and dipuntone. When heated 
with sulphur oi* w’hon treated with solutions of sulphur di¬ 
chloride in carbon disulphide, it ])ecomes “vulcanized,” the 
f>rnccss i-esulting in the rubber I'etaiiiing its clastic properties 
over a wider range of temperature than when raw. When 
a high f)crcentagc of sulphur is introduccci, vulcanite is pro¬ 
duced. 

^pnrt from the actions of lialogciis and nitrous fumes upon 
rubber, which have leil to little, our knowledge (jf its constitu¬ 
tion depends upon its behaviour with ozouo. 

Harries ^ states that when rubber is treated with ozone and 
the resulting ozonide is decomposed with water, the only isol- 
able products are Imvuliuic aldehyde, hcvulinic acid, and the 
peroxide of Imvulinic aldehyde. The acid is evidently a 
secondary product'of reaction. ' 

Tho molecular weight of the ozonide shows that its 

* Hariioa, Annalm, 1913, 89S, 311. 

* It appears from some work of Harries that nataznl Para rubber ocours 
in at least three forms: ollj, soluble, and insoluble. 

■ Harries, Ber., 1906, SB, 1195. 
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composition is CioHuOe, which points to the fact that the struc* 
turc from which it was derived must have contained two doable 
bonds, each of which has taken up one molecule of osone. 

In order to account for these results, Harries has had to 
resort to an hypothesis which will hardly recommend itself to 
many chemists. Ho assumes, from the production of lil^u- 
linic aldehyde and its peroxide that rubber has the following 
sti'ucturc:— 




CIIa.C.CHj.CHj.OH 

II u 

Hc.aH2.cH2.o.cn3j.w 


J‘* 


and that the ozonide lias the constitution 


CH3.C.Cir2.CH2.CH 




/I 


\i 


: \ 


'\ 

.j./ 

iX 

HC.CH2.CH2.C.CH3 


o 


GivoR tho perozidfi. 
QIyob thooldehydo. 


I'he breakdown of the ozonide is supposed to take place along 
the dotted line, tlie lower half of the innlccule producing Iscvu- 
linic aldehyde, CHa.UO. CHg. CII2.CHO, wliilst tho upper 
half yields the peroxide:— 

Clfa.C.CIIg.CHa.CH 

II ■ II 

O—-0—0----0 


Hilt at this point difliculties arise; for how can wo suppose 
that the cyclo*octadieue ring can polymerize without desti'oying 
the double bonds in it ? And if it does polymerize through the 
agency of tho double bonds, how can they be loft unchanged to 
attack tho ozone molecules in order to produce the ozonide ? 

Harries endeavours to gain credence for his hypothesis by 
adducing the fact that oyclo-octadiene—which should be ana¬ 
logous to his assumed eight-membered ring—does actually 
polymerize readily; but inadvertently, no doubt, ho omits to 
mention that one of the products of this polymerization is a 
di^clo-octadiene consisting of thin, pointed leaflets .of m.p. 
114° G. ; whilst the other polymer is tdso a crystalline body.^ 

I ' > \miHtattor and Yeragath, B«r., 1906, SB, 1976. 
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The -analogy with the properties of rubber is hardly close 
enough to support the eight-membered ring theory to any 
extent worth considering. 

For his final demonstration of the presence of an eight- 
membered ring in the rubber molecule, Harries relied upon 
the.ibllowiiig statements.^ When the dihydrochloro-derivative 
of rubber is subjected to tlie action of pyridine,^ he found that 
a substance different from rubber is regenerated.* On ozonias- 
ing this, he claimed to have isolated a cyclo-octadione derivative 
among the products. Tlierefore, according to his argument, 
the original rubber must have contained on eight-membered 
ring. The fallacy in reasoning is not worth dwelling upon, os 
it subsequently turned out tliat he liad made a " regrettable 
error ’* f <^iid had mistaken an open-chain di-ketone, 


OH 3 . CO. OII 2 . CH,. OH*. CO. CHj . 

% 

tor a cydo-octadione derivative. It seems hardly worth while 
to comment ou the value of such evidence; though Harries 
still contends that it establishes tlie presence of an eight-mem- 
bered ring in the rubber molecule. 

Harries ^ proposes to regard the polymerization of the eight- 
membered rings as a mere kind of looso addition, so that the 
polymer breaks down into cyclo-octadicne molecules under the 
intlaencB of ozone. In other words, he regards rubber as being 
built up from a largo number of separate cyclo-octadicne mole¬ 
cules clinging toge^er by'means of Thiele’s partial valencies, 
somewhat in the following style :— 


on. 


CH, 


C-CHg. CH*. CII.... 0-OH,. OH,. OH... 


S II 1 

.. ..Cll.on,. CHj.O.Oll.CU,. CH,. 0.... 


OH, 


CH. 


> Harries, Her.. 1918.47.2690. 

* INd.. 788. 

* ** Dieser (the regenerated substance) ist nicht mehr Idontisoh mit dom 
nattiiliahen Eantschuk.” 

■ HazxuH, Bcr., 1911.48.781. 
f ** Eln bedauerliohec Intum." 

* Harries, jBsr., 1906.88,1196,3986. 
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Pickles ^ has adduced several reasons why this conception 
should not Ijo accepted without further evidence. In the first 
place, if osone has the power of depolymerizing this peculiar 
compound, there seems no reason to deny the same depolymeriz- 
iiig property to other reagents. On this basis, bromine would 
first break down the colloidal rubber to independent cycle* 
octadieuederivativos which would then yield a simple totrabromo- 
compound, CuiHuUri; but in actual practice the bromo- 
derivativc of rubber appears to be almost as complex os rubber 
itself.* 

Again, nitrous fumes might bo expected to resemble ozone 
in their eflects; but their action on rubber, as studied by 
Harries himself, produces complicated substance with composi¬ 
tions,f established by molecular weight determinations, corre¬ 
sponding to C-/2 oH8o11i4^0 (4»^l6S^Z4^J0’ 

Yet another objection to the physi:‘..']d polymerization idea 
is to be found in the beliaviour of rubbe. when heated. Under 
ordinary pressure, heated rubber shows exactly the phenomena 
ordinarily observed when a complex substance undergoes 
complete disruption; whilst if the heating be done under 
reduced pressui'c, cyclo-ootadiene derivatives are not fotmed, 
but instead it is found that the simplest compound in the 
distillate conttiius at least twenty carbon aLoms.| 

Tiiis docs not exhaust the evidence against Harries ’ idea; 
but it is sufnoicut to indicate some of the weak points of his 
hy])othesis. 

L’ickles proposes a formula which certainly avoids these 
diinculties. Ho suggests tluit rubber consists of long chains 
built up from the gronp OsHh by normal ])olymerization:— 

CIT, CH3 OII3 

1 i 1 * 

...C=>aH--[CH2Ja—C=ClI-[(JHjsJa- C=C H—[CHgla- .... 

The oxidation results require that the two ends of the cliain 

' Picklos. Trana., 1910,97,1085. 

* IlanieB (^nna^», 1011, 888, ,997) endeavouta to got roond tbio by 
soggOBting that the broino-dctfivati?a is an adsorption compound, an hypo¬ 
thesis for which he addnoes no eddenoa. 

t irarrios («buf.) asserlg. in roply to this, that most terpena nitrositos are 
bimolecular, which would roduoe the rubber nitrosito to 0|,Uf|O,N|, thus 
making the C, ring possible. 

{ Hacrioe nukes no reply to thiH argument. 
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should be linked together; and Pickles assumes that at least 
eight OsHs complexes are included in a ring. To account for 
the ozone results, Pickles proposes the hypothesis that after 
the formation of the ozonide, the linkage between the cai'bon 
atoms is ruptured whilst the ozonide chain remains intact till 
later;— 


ClI, C11, CH, 

I i I 

—CH,-CH,-C -CU—G 0- 

4 " 

CU, CH, CH, 

—CH^OH,—0 - OH-CH,—CH,-d OH—OH,—CII,-Ce» 

o-.a-i 0-0-i 

4 

OH, on,! oil. 

-CH.— CH,-- A : CH-CH,-Cn,~A 

II : H II 


0=0=0 

Peroxide. 


0 = 0=0 

I 


CH -C1I,-CH,-B= 
H 


Lesvuliiiio 

aMohydo. 


Peroxide. 


This proposal certainly throws less strain upon tlio chemist’s 
credulity than is demanded by llaiTies' hy^wthesis; and it 
appears to be supported by the work of Ostromisslcnski.^ 


3. The Anolo-Pkencii Synthesis of Aiitifiltal ItuniiEU. 

■ ii 

lu devising a manufacturing process on a large scale, tJie 
first point to be considered is tlic possible supply and price of 
the luw material involved.^ A synthesis of rubber on a com¬ 
mercial scale might imply a demand running up to 100,000 
tons; and before proceeding further it is necessary to make 
sure that this demand can bo filled without producing a short¬ 
age in the raw material. 

Turpentine appeared at first sight to be a suitable starting- 
point ; but the imports of that substance into this country in 
the years previous to 1910 were found to average less than 
29,000 tons per annum; so that the additional demand for 

‘ OBtromifldenski, 3. Buu. Phy$. Chem. Soc., 1916,47,1089. 

* Foe a oomplste account of tho kUtory of thesyndioate'R work, see Perkin, 
J. Soc, Chem. Ind., 1912, Si, 616. 
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thrao times that quantity would disturb the market and cause a 
rise in price which it would be difficult to estimate. Acetone 
was ulsa ruled out by the question of cost; since, in order to 
compete with natural rubber, the artificial substitute must be 
manufactured at a price not exceeding one shilling per pound.* 

The choice of riie syndicate fell u])on starch, which was 
roadily obtainable at a low price. An dliance was made with 
Fcmbach, of the Pasteur Institute; and this investigator 
worked out a fermentation process whereby starch (from maize 
or potatoes) is convertible into fusel oil by one method and into 
acetone by anotlier. The fusel oil thus obtained was found to 
ooutain an exceptionally high percentage of butyl alcohol. 

The next stage in the pixicesa consists in treating butyl 
alcohol with hydrochloric acid gas, whereby it is converted into 
butyl chloride. 

13y ilie action of chlorine, a mixtui^ of dichloro-derivatives 
is obtained from the butyl chloride; .md an apparatus was 
devised which checked tlie formation of moroliighly halogenated 
cumpoimds. The final product contains a mixture of 1,2-, l,fi- 
and 1,4- dichlorobutane. 

Contrary to what might have lieen expected, these substances, 
when passed over licatcd soda-lime, all give rise to the same 
product: butadiene: OH^: CH . CH: CHg. Apparently in¬ 
tramolecular change takes place in the case of 1,2-dichlorobntane, 
or its product, under the influence of the sotla-lime. 

The final stage, conversion of the butadiene into artificial 
rubber, is carried out by allowing the hydrocarbon to stand in 
contact with a small quantity of sodium, the length of time 
required rouging from hours to weeks and being dependent 
upon temperature conditions. 

Another method of obtaining artificial rublier has been 
suggested by Perkin, starting from amyl alcohol The alcohol 
is converted into amyl chloride; the latter is then chlorinated, 
as in the case of butyl alcohol, producing a series of dichloro- 
derivatives which, when passed over heated soda-lime, yield 
isoprene. By treatment witR metallic sddium, the isoprene 
polymerizes to an artificial rubber which is different in constitu¬ 
tion from the butadiene rubber. 


* IheM flguzei refer, of coorae, to pre-war prioei. 
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^ 4 Natural Rubber and the Artificial Uubbkrs. 

It must be clearly borne in mind that the synthetic rubbers, 
though tliey have many resemblances to natural rubber, aro not 
identical with it in chemical constitution. Some of them, as is 
evident from their raw materials, arc obviously different; 
whilst even in the cose of isoprene polymers wo cannot safely 
assert that their identity with natural rubber is proved.^ 

Harries" states that the autopolymerizatioii of isoprene gives 
rise in the main to what ho calls a “ normal ” product; hut that 
along with this is formetl in small yield n diflereut suhstaiice. 
On his ring-hypothesis, the formuhn of tliase bodies are shown 
ImjIow :— 


C-CIU 

(J-CHa 

C—CH. 

\ 

! 

. ' 

. HC Cll 

TIC CHg , 

1 

irc CM ! 

CHa 

HjC CH ' 

1 1 1 

HaC Cir 

1 

IfgC CH 

iInC Cilo or 

HaC CJI.CII 

c—cria® 

. ■ 

\ X 

(H-CHa-c 

Jl 

Clfa 


Normiil form. lly-pcoduct. 


The proof uddiici'd in favojir of tiiu by-product structure is 
tliat he thinks lie isolated methyl-glyoxal among tho dScoin[}08i- 
tion pimlucts of the ozouide.* 

Tn the case of tiic Xiolymer of di methyl-butodiciio, two 
ozonides were obtained which, on decomposition, yielded 
acctonylacctoiie and some strong reducing substances. From 
this Harries deduced tliat along with tlie ''normal'’ jKilyracr 
in this case there must be produced another whicdi yields the 
reducing material, assumed by him to be a koto-aldehyde. 
For the two forms which he imagines exist he has dcvi.scd the 
following formulae, which may possibly be established when 
any definite evMence in their support is produced:— 

^ OstromliwlcnHki, J. Jius». Pltys. Cltfitn. Soc., 1916.48,1071. 

* Harrioa, Anwlen, 1911,888,184. 

* " Untez diesen wuzde ein PzodaU lostgestollt, wdclios Ich fur Motliyl- 
glyoxal anaprechen mOohte.” 


1 
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CHj.C-CHff-CHj-C.Cna CHg.C-*- Cn-CHr-OH.CHs 

il II I I 

CHj.O-CII,~ClI^C.CHs CH,.CH-CHg-CH=-O.OH8 
Normal form giving By-prodnot giving a 

Aoetonylacotono, Koto-aldonyde. ^ 

Further results were given in a later paper.^ An ex¬ 
amination of the rate of decomposition of various ozonides 
was carried out by the following method. About 10 grammes 
of the ozonide were suspended in 100 grammes of water and 
heated under a reflux to 120 ''- 125 ° C. Every quarter (or half) 
hour the mixture was shaken until the ozonide stuck to 
the walls of the vessel; the clear liquid was then poured oif; 
the vessel and ozonide were dried for some hours in vofftto and 
then weighed: the decanted liquid was poured back and a 
fresh experiment begun. From the loss of weight in the 
ozonide the amount of decompositiou was calculated. 

Harries states that the rates of oz( aide decomposition were 
similar for natural rubber and for autopolymerized isoprene. 
Divergency was noted in the case of a rubber obtained from 
piperylene, CH3. CH! CH . CH: CJI9, which is not astonishing 
in view of the fact that piperyleue-rubber gives ozonide de¬ 
composition products diflering entirely from tliusc of natural 
rubber. 

Tim decomposition curves of the ozonides derived from the 
rubbers obtained by the sudium-polymerization process ditferj 
according to Harries, from the curve for the ozonide of natural 
rubber; but it must be noted that he himself points out that 
even natural rublmrs differ among themselves in the readiness 
with which they form ozonides. 

The same method has been applied to the cose of synthetic 
1 : 5 -cyclo-octadieno; and Harries states that its ozonide. breaks 
down at almost exactly the same rate as the ozonide of. 
butadiene-rubber. From this he claims to have proved that 
Ids eight-membered ring hypothesis is correct; but it appears 
that if Pickles’ postulates as to the structure of the ozonide 
were applied to this case the argument for his formula would 
hold just as well. The matter must therefore be regarded as 
sub judice, the more so since the real value of the decomposition- 
velocity mbthod is by no means thoroughly tested yet. 

I HaRiflB, Atinalen, 1912,295,911. 
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Qptromisslenski ^ has obtained by the polymerization of 
vinyl bromide a material which ho terms oaouprene bromide. 
This exists in three forms a->/ 3 >y which, when submitted to 
the action of ultra-violet' light, are capable of change in the 
■ direction shown by the arrows. Boiling with anhydrous acetic 
acid has a similar eiTect. The bromide of Harries’ butadiene- 
rubber, which also exists in three modifications, is either 
identical or isomeric with caouprene bromide. Ostromisslenski 
does not accept Harries eight-membcred ring hypothesis, but 
regards caouprene bromide as constituted in the following 
manner:— 

OHj-CHBr-CH,-CHBr-Cn,-OHBr 

CHBr-OHj.CHBi^-^flj.... 

whore tho dotted line represents an unknown number of 
—CII2. CHBr— groups. Both caouprene bromide and butadiene- 
rubber bromide, when tieated with /.iuc dust, yield the same 
rubber, apparently buhuliene-riiblwr. 

The work of Ostronnssleuski ‘ has been so fertile in this 
field daring recent years that it seems regrettable that his 
papers ore published in a language which few British chemists 
can read. He has apparently made a very complete investiga¬ 
tion of tlie methods of preparing butadiene, no fewer than 
twenty-nine of these being desmibod'in a single paper. 

Ostromisslenski differs^from Harries with regard to the 
classification of the rubber-like materials produced by^ynthetic 
methods. In his view, the physical properties of the product 
are better indices of its nature than tho results of decomposition- 
reactions have proved to be. For example, a determination 
may be made of the temi)eratures at whicii an artificial rubber 
acquires and loses its elastic properties; and if these temperatures 
agree approximately withthosefor uaturalrubber, Ostromisslenski 
considers that the synthetical substance is ‘‘normal." If, on tho 
other hand, there is little agreement here and if tho range of 
temperature over which the artificial product remains elastio is 
different from the range found* for natural rubber, then the 
artificial product would be regarded as “ abnormal." 

I OHtroailMlsiiBki, J. Bum. Phy». Chem. Soe., 1912, 44, 204. '' 

’ * OatEomiasleiukl, J. Bum. Phy$. Chem. Soe., 1916, 47,1874,1472,1494, 
1607,1928,1982,1937,1941. 




116 RECENT ADVANCES IN ORGANIC CHEMISTRY 


llie complexity of tho x^rocesses whereby synthetic rubbers 
are formed is well illustrated by some of Ostromisslenski’s results. 
When isoprene is kept at a temperature of 80 ^- 90 '', it forms an 
open-chain dimeric form named / 3 <inyrcenc. This substance, on 
polymerization by the sodium process, yields a “normal” 
rubber; whereas isoprene itself, when treated with sodium, 
gives rise to an “ abnormal" polymer. 

Isoprene Csfls Sodimn Abnormal rubber 

/ 3 -Myrcene CioH,fi Sodium Nonnal rubber 

LebedefT* has investigated the polymerization of divinyl 
derivatives containing conjugated double bonds. Tho reaction 
X)roducts contain cyclohexcne compounds as well as a resinous 
material derived from cyclo-oetadiene. Low temx^cratures and 
the action of light favour the formati<>n of the cyclo-octadiene 
compounds: while cyclohexcne derivatives are produced at 
higher temperatures. Snbstaucos of the alleue type give rise to 
cyclobntane compounds. 

> TwCbodffT, J. Jims. I’ht/i,. Chan. Soc., 19J0, 42, 940; 10J1, 43, SW. 



CJiAPTER VI 
THE ALK,\LOIDB 
A.— (iKNSliAL. 

WiiKN wp attempt to define wliat wc mean by the term 
"alkaloid’' our ditlicultiee are not small. On the onu hand, 
our definition may be so drawn as to include almost every 
naturally occurring nitrogen-compound, which is obviously 
useless as a mode of classification; or it may be so narrow as 
to exclude some of tlio most important of the substances which 
are usually included in tlie alkaloid group. The most general 
definition is perhaps tlio best ; and for our present purpose wo 
sluill ti'unt as alkaloids those naturally occurring substances 
which contain cyclic chains, of which ut least one member is a 
nitrogen atom. This (lelinition opens to us a mudi wider field 
than we can possibly attempt to cover in tlio S|)aco at our 
disposal, and in the following pages we shall aim at describing 
the syntheses and constitutions of a few typical compounds 
rather than at a survey of the whole subject. . 

Practically all tlie important alkaloids are louud in the 
tissues of vegetables; and if we except xanthine derivatives, 
we might have modiliod the definition given above by limiting 
the term “alkaloid ’’ to basic substances found in plants. 

As the following pigus will show, the chemistry of the 
alkaloids resembles that of tho aromatic compounds, in that 
each g1u:«s seems to bo built up upon tlie basis of one sub¬ 
stance. In the aromatic series benzene lies at the root of all 
the compounds, however complicated they be; whilst in the 
alkaloids pyridine atipcors to be equally essentiaL And just as 
ainoi^ tho aromatic types we find a benzene ring condensed 
with other cyclic chains, so in the alkaloids we may discover 
compounds in which the pyridine ring is overlaid witli others. 
Even the derivatives of the purine group may be considered to 

H7 
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be derived from pyridine by tbe introduction of a second 
nitrogen atom into the ring. 

With regard to the occurrence of the alkaloids in nature, 
very little generalization is possibla The monocotyledons seem 
to be richest in members producing alkaloids; while among the 
cryptogamia there appears to be no alkaloid-formation. Just as 
little regularity is found with regard to the distribution of the 
alkaloids in the various portions of the plant structure, but 
alkaloids are chiefly found in the fruits and sap or, in tlie case 
of trees, in the bark. 

Since in most cases alkaloids occur as salts, they are 
obtained from the actual plant tissues by the action of alkali, 
which liberates the basic part of the molecule. If this be 
volatile in steam, the alkaloid is obtained in this way; but if it 
be not thus volatile it is extracted from the tissues by treating 
thorn with acids, which dissolve the alkaloids, forming solutions 
of their salts, from which the free alkaioid is obtained by the 
action of alkalL Final purification is carried out by ciystalli- 
zation of the alkaloid or of its salts. When extraction is 
carried out on a small scale, chloroform is often used to remove 
alkaloids from the tissues in which they occur. 

The majority of alkaloids are solid substances, hut one or 
two are liquids which can be distilled without decomposition. 
Nearly all of tliem have powerful actions upon the animal 
oiganism; hut owing to our ignorance of the relation between 
chemical /sonstitutiou and physiological action, not much can 
be said on the subject. In most cases alkaloids are found to 
possess hevo-rotation, and it is very seldom that l>oth optically 
active forms are found in nature. 

B.— Methods Employed in the Deteumination of 
Alkaloid Constitutions. 

After wo have carried out on elementary analysis of an 
alkaloid we are in a position to state its percentage composi¬ 
tion, and by a molecular weight determination we can estimate 
the number of atoms which its molecule Contains. The next 
step is the determination of the mode in which these atoms 
are linked together in the alkaloid molecule, and we shall now 
give a brief account of some common reactions which are 
employed to solve this problem. 
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In the fust place, unoe many alkaloids are known to be 
esteis It u> usual to employ some hydiolytm method m order to 
see wliether 01 not the alkaloid molecule can be decomposed 
into some umplei grouping To this end the alkaloid may be 
heated with water, acids, 01 alkalis until it is decomposed into 
its component amd and base. This method, while bieaking 
up any salt or ester, does not, except m a few cases, lesult m 
any fuithei destruction of the body, so that iiom the con¬ 
stitutions of the two halires wo aie able to deduce the con- 
btitution of the paieiit substance 

This method of decomposition, however, may not caaiy us 
far enough, and it is usually seconded by a moie violent action 
loi instance, the alkaloid miy be fused with iilkili, distilled 
with /me dust, heated with bromme 01 phosphoiic acid When 
icagents such is these ore employed, the less duiablo part of 
the molecule Is usually shattered, and in tho iciction-pioduct 
wp find some stiblo nucleus such as p>iidiue, qumohne, or 
isisiumohne fiom which the whole alkaloid is deiived 

Agam, mail} ilkaloids txisi m tho form of methyl ethers 
These can be biokou up b} boiliu,{ with hydi iodic acid fReisers 
method), and by pissing the methyl iodide thus torimd into 
•aiLvcr iiitiale solution the nuiubtrr of melli}! ridicils split ofi 
by the hydiiodu icid m i} l>e estimated, ind thus the numbci 
of methowl „iuu])s m the alkaloid can be isceitamed 

When the alkiloid contains in ox}gen atom, it is of 
impoitiuce to diteimme whctlier this occurs m a carbonyl, 
carbox*!, hydrov}!, 01 cbhei gionp Ihe first is deteimmed in 
tlie usual w 1} 1)} the action of phenylhydia/me 01 hydroxyl- 
amiiie, the h}dio\}l usuilly be detected by 

aeyUtmg it or by the action of dibydiatmg agints, whicli 
split oil water audlcive on unsatiiiated substuiio, while if 
tlie alkiloid IS an alk}l ethei it can often be decomposed by 
/eisel's method If the carboxyl giuiip occuis m tho alkaloid 
under examination, thoro is not much difiiculty m detectuig its 
presence 

iUl alkaloids oontam nitrogen, but it is necessary to dis¬ 
cover m what way this nitrogen is Imkpd with the ^t of 
the moleoulo. Heraig and Meyei liave devised a method of 
determination fi 1 methyl muno groups which is vexy useful m 
this branch of research Ihe h} driodides of bases m which a 



120 RECENT ADVANCES IN ORGANIC CHEMISTRY 


methyl group is attached to nitrogcu, when heated to about 
300 ° G., split off methyl iodide, wiiich can be estimated with 
silver nitrate just as in the cose of the methoxyl group. A 
somewiiat similar decomposition results in the reaction which 
is usually termed “exhaustive methylation." Here, by the 
action of methyl iodide and silver oxide, assisted by dry dis¬ 
tillation, a cyclic nitrogen compound may be made to lose its 
nitrogen atom with but little alteration in the rest of the 
molecule. The formuhe will make the process door without 
further explanation:— 





iJibtiU I 
-> 


H,C CHj 
HO-^—CH, 

ch; \h, 


:ii cii 


CH,CH, 


+ N(CH,), + H,0 


The final stages in determining tlie constitution bf any 
alkaloid arc usually those in which the oxidation products of 
the substance are studied. All the agents employcid are well* 
known, so it is unnecessary to describe their actions. The 
most useful are potassium permanganate, hydrogen pei-oxidc, 
dilulo nitric acid and chromic acid, 


C.— The Pyhbolidine Gboup. 

1 . NficoHM. 

t 

The alkaloid nicotine stands in a position midway between 
the pyridine and the pyrrolidine groups; for, as will be shown 
presently, it coutaius both a pyridine and a pyrrolidine 
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nucleus. It therefore forms a convenient bridge by which 
we can pass from the consideration of the one class to the 
other. 

Nicotine is a basic substance having the composition 
C10II14N2. Its constitution has been established by moans of 
the following reactions:— 

1 . Nitric acid, chromic acid, or potassium permanganate 
oxidize nicotine ^ to nicotinic acid— 

1^-COOH 

V 

2 . By the action of bromine upon nicotine, two derivatives^ 

are furnied— • 

(a) Dibroniocotinine, 

(A) Dibromoticoniuc, C|oHi(Ih'2N202. 

ii. WJieii dibroniocotiuiuc is decomposed by bases it gives 
nutthylamine, oxalic acid, and a compound 07ir7N0. 
By the same treatment dibrumoticoiiiiio yields raetbyl- 
aiuiiie, inalonic, and nicotinic acids. 

4 . Nicfjtine is a di-tertiary base,^ giving two isomeric 
methyl iodide addition products. 

From the first reaction it is obvious tliat iiicoling must be 
pyridine, with a sidc-ebain in the /9-positiun. 

I y-CfiiiwN 

From the third reaction it is clear that of the two nitrogen 
atoms in nicotine, one carries a methyl group. This one 
cannot bo the pyridine nitrogen. Further, the second nitrogen 
atom (which does (Arry the methyl radicle) cannot liclong to 

* Huber, ArmaUn, 1867,141,271; Woidel, Awnakn, 1873,168,828; LaibUu, 
JD«r., 1877,19, 21%. 

* Pinner, Ber.t 1808,96, 292. 

* Piotot and Gonequand, ii«r, ISP?, 80,2117. 
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a pyridino ring. We may time go a step further, and represent 
nicotine by the formula— 



—CsHtcN.CH, 


Again, the third reaction shows us that dibromocotinine 
and dibromoticoniue give rise to three carbon chains— 


C-C 

C-...C]ra-C -C. C- 

Maloiiio acid chain. Oxalic acid chain. OjHjNO chain. 


These must bo somehow combined in iho nicotine molecule, so 
we may write the nicotine skeleton thus— 


C-C 
-C 0 

V 


To this we must attach the group: sN.CHa in some way. 
From the fourth reaction we deduce that this nitrogen atom is 
a tertiary one, so tluit the two isomeric methyl iodide addition 
products may be explained by the addition of methyl iodide 
to a different nitrogen atom in eacli case. But if t^e group 
: N. CHa is to contain a tertiary nitrogen atom, and also to 1 j 
attached to the nicotine skeleton given above, the only way is 
to make the nitrogen atom a member of a ring. The con* 
stitution of nicotine would then be— 


CHa 

\/ 

N 


N 


I 

OH, 


Nicotine. 
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The synthetiG preparation of nicotine proved to be a much 
haixler task than was anticipated. The first steps were taken 
by Pictet and Cr^pieux/ who, by heating / 3 -amido-pyridine (I.) 
with mucic acid, were able to produce (II.) N-/ 3 *pyridyl-pyrrol. 
Like many other N-alkyl derivatives of pyrrol, this substance 
when passed through a heated tube undergoes a molecular 
rearrangement, in the course of which the pyridine group is 
transferred to the carbon atom next the nitrogen in the pyrrol 
ring. The compound thus formed is a/ 3 -pyridyl-pyrrol (III.)— 


(I) 


(II.) 


CH—CH 



S-amido-pyridine. 


N-S-pyridyl-pyrrol. 


( 111 .) 

HO-CH 


'^-C fill 

y V 

S-pyridyl-o-pynol. 


From this substance Pictet ^ continued the synthesis in the 
following way. The «/?-pyridyl-pyrrol forms a iiotassium salt, 
the imino-hydrogen of tlio pyrrol group being replaced in the 
usual way by the metallic atom; and from this salt, by tlie 
action of methyl io<lido, we obtain the methyl derivative of 
tho iodomethylate (IV.). On distillation with lime, this forms 
.tlie ba.se nicotyrino (V.)— 


(IV.) 

HC-CH 


6h 






\/ 

N 




1 CH 


(V.) 

lie -CH 



Nicotyrino. 


Now, this body cannot be reduced direct to nicotine, for any 
agent which attacks the pyrrol miclens will, at the same time, 
reduce tho pyridine ring. The transformation can be carried 
out in tho folbwing way, however. The nicotyrine (V.) is 

* Pictet and Orlpienx, Ber., 1895,88,1904. 

* Pictet, Comigit. rend., 1903,187, SCO. 
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treated with iqdine in alkaline solution, by which means a 
niono'iodine derivative is produced; it in turn is acted on by 
tin and hydrocliloric acich whereby it is partially reduced, 
forming dihydro-uicotyrine (VI.). This substance reacts with 
broiniiie to form a perbromide, 05X74^ . G5H()N . Br4, which, 
by reduction with tin and hydrochloric acid, yields inactive 
nicotine (VII.). This racemic base can, like coniine, be resolved 
into its antipodes by means of tartarie acid; so Uiat in this 
way the syntliesis of liBvo-niootine, corresponding to the 
natural alkaloid, can be accomplished — 


(VI.) 

llO^CHa 



I 

-C CTb. 

\/ “ 


N 


(;if. 


I )i liy (Iro-niootyrmo. 


(VII.) 

ciig-on* 



Nicotino. 


2. IVopiiumv, TropinCj and 

Hitherto we have confined our attention to compounds 
which contain isolated rings of carbon and nitrogen atoms; 
but with the tropine series wo outer a new class in which wc 
shall have to deal with bridged rings analogous to those of tho 
dicyclic teriMncs. The first member of the group is tropinone. 

This substance was originally prepared by an exti'cmely 
roundabout method; ^ but a new direct syndesis has becii 
devised by Jlubinson,^ so that it is unnecessary to describe 
the older method, which involved nearly twenty stages. 

Succiudialdehydo (obtained from succindialdoxime and 
nitrous fumes) was allowed to interact in oq^ueous solution 
with uiethylamine and acetone for half an hour, when it was 
found that tropinone was formed— , 

* The Ozook ^ is used instead of tho word “pseudo." Thus 4-tropino 
roprosouts psoudo-tropino. 

1 WillBiiittoz, AmuOen, 1901, 817, 268; 1908, 886,1; Ber., 1901, 88, 3163; 
Wilbililtter aud Tglauer, ibid., 1900,88,1170. 

liobinson. Trana.. 1917, 111, 769. 
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OHj -CJfO CH 3 

I 

NHj.OHs CO = 
CHg-CHO CHg 

SucuindiAldebyde. Acotono. 


CHj-CH 


-OIL 


N.CH 3 CO 
CHa-CH- CITa 

Tropinoiio. 


+ 2H2O 


' Better yields can be obtained by substituting' for acetone 
the ester or calcium salt of acetone dicarboxylic acid. The 
inteniiediate product is a tropinone dicarboxylic acid from 
wliich two molecules of carbon dioxide can be split off by 
acidifying and heating the solution— 


CH,—OHO 

NIIj.CH, 

OHj—Clio 

Succiiidialilchyili*. 


CH,.0000,H, 

I —2H,0 

CO -> 


CH. -OH^-cii: OOOC JI, 




coocyi. 


Oil,- (!it 


N.CH, io 


-cii.coocyj. 


Acetnno dirnrboxylir , Tropinone liicarbuxyltc cater. 

CHtcr. 


Cir,-CH-CTf, 

I I 

N.CH, CO 

OH,-An-( 111 , 

Tropinonp, 

From tropinone, tropine itself con be obtained ^ by tlie action 
of zinc dust and coiicentratt.Hl hydriodic acid— 

•a * 

cjr.-cif —cHo 

I I 

N.CJIg cn.OTl 

CHa-CH- InTg 

Tropine. 

The isomerism of tropine and i/»-tropino may be explained 
very simply. If the space formula of a compound liaTing the 
constitution of tropine be built uj), it will be found that there 
are two possibilities: the hydroxyl and the methyl groups may 
lie on the same side of the ring as in (A), or on opposite sides 
as in (B)^ 


' Willstatter and Iglauei, Dor., 1000,88, 1170. 
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Cnj-CH- 


(A.) 


-OH- 


(B.) 


-OH, 



OH, 

1 

OH 


1 

1 


/ 

I 

/ 


/ 

N 

C 


N 

1 


/I 



1 


H 

1 



CH,-< 

JH— 

—CHj 



OH, i H 
1/ 

C 


HO^ 


-CH, 


Of the two, tropino is tho labile isomer, so that we con 
convert it at will into ijt^-tropine. 


3 . Add. 

1$7 the synthesis of tropine we Itave approached that of 
another alkaloid, atropine. This sub.sc.^nce, when boiled with 
Inryta water, breaks down into tropine and tropic acid. We 
have thus established the constitution of half the atropine 
molecule; and in tho present section we shall deal with the 
constitution of the other portion. 

Tropic acid has been synthesized by Ladenbnig and 
.Kngheimor.’^ Acetophenone is treated with peutaohloride of 
phosphorus, whereby the oxygen atom is replaced by two 
chlorine ones, and acetophenone chloride is formed. This is 
allowed to react with potassium cyanide in alcoholic solution 
to form the nitrile of atrolaotinic ethyl ether— 

CHs 

CoUs-O^Kt 

\ ' 

ON 

The nitrile is . then hydrolysed, forming the acid. When 
this body is boiled with concentrated hydrochloric add it loses 
alcohol, and is converted into atropic acid— 

CH, 

CA-(i-COOH 

* Ladenburg and BOgheiner, J3«r., 1880.18,876, SKMl. 
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HydroGhloric add then attaches itself to the double bond, ' 
yielding j 3 -hydrochloxatropic add— 

CHjCl 

CfiHs-CH-COOH 


This substance, when boiled with potassinm carbonate, 
exchanges a chlorine atom for a hydroxyl group, and is 
converted into tropic acid— 

CHjOH 

I 

CaHc-CH-COOH 

Tropic acid. 


4 . Atropine. 

The constitutions of the two halves of tho atropino molecule 
have now been established, and the atropino synthesis can be 
carried out by treating a inixiure of tropine and tropic acid 
with hydrochloric acid gns in the usual way.^ Atropine, 
therefore, is the tropine eater of tropic acid, and it must have 
tho constitution shown by the following formula:— 

Clla-CII--UHj OHjOH 

I I i 

N.CIL CJI.O.CO.CH.CgHc 

I *1 

CHj-CH-Clij 

Atropine. 


5 . Eegomne. 

Tropinono forms salts with alkalis, and thesi^ by treatment 
with carbon dioxide in the nsual way, can be converted into 
the alkali salts of carboxylic acids.^ In the case of the sodium 
salt, it is suspended in ether, and carbon dioxide is passed 
throngh the liquid at ordinary temperatures; the resulting 
product is the sodium salt of tropinone carboxylic acid, and 
when this is reduced with sodium amalgam in a weakly acid 

1 Ladonbarg. 1879, U, 941; 1880, U, 104. 

* Willat&tter and Bode, Ber., 1900,88,411. 
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solution it yields a inixturo of two isomeric bodies having the 
same oomposition as ecgonine, ChUhNO . COOH. 

The two isomers, however, differ in character. The one 
has all the properties of ecgonine, except the power of rotating 
the plane of polarization; it is a true carlioxylic acid, forming 
salts and esters, it also possesses a free hydroxyl group, and can 
bo converted into esters by acids. The second isomer, on the 
other hand, behaves quite diilurently. It possesses no free 
liydroxyl group; nor can it be estcriiied by the ordinary 
methods. An explanation of the formation of two such 
substances is to be found by conshiering the character of the 
sodium derivative of tropiiioiie. 

It is well known that the sodium salts of ketonic bodies 
usually exist in the onolic form, so that we should incline to 
write the formula of the tropinoue sodium salt thus— 

CHa* (JH-Cir 

I : 

N -CHs C-0 Na 

I I 

CJI2 CH -— CHa 

Tlie action of earlMUi dioxide upon this would produce a 
sodium salt whose constitution could be written— 

dig- Cll- Oil 

I i. 

N.Cir. C--G-UOONa 

I 1 

CIV OH- CHg 

This body forms by far the greater proportion of thereactior 
mixture, but since tlie sodium salt of tropiiiono exists in the 
koto- as well as in the enol-form, pail; of the end-product will 
have the constitution shown below— 


CHg-CH-OH.Na 

f I 

N.cn, CO 

Cllg-Cll-(jjHg 

This lost substance, 
alcohol-- 




on 


Clfa-CH -ClI.COONa 

lIf.CH, CO 

. • * 1 


Cllg-CH-CHg 

reduction, would give us the 
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-OH . COOU 

I I 

N.CH3 CU.OH 

I I 

Clfa-UH-OH* 

which proves to be racemic ec^ouiiie. 

G. Cocaine. 

From ecgoninc, cocaine can bo prepared by benxoylating the 
alcohol radicle, and then estcrifying the carboxyl group witli 
methyl alcohol— 

CHo-CH-CII.COOCHo 

1 I 

N.CHg Cir.O.CO.CoHs 

I I 

uirg-Gii-cug 

Cocaine. 

]).—The Quinoltnk Gkoui*. 

1. The CoiL'ttitulwn of Ciwhatiinc. 

The alkaloid cinchonine has the composition (J10II22GN2. 
The oxygen atom forms part of a hydroxyl group, as is shown 
by acetylation; and the two nitrogen atoms are tertiary ones. 

I. When cinchonine is oxidized by means of chromic acid 
and sulphuric acid ^ it breaks down into two substances, 
cinchonic acid and nieroqunione, in accordance with the 
following equation:— 

GicjHgjiONa 4* 30 = Cq]£70]iIT + CuiTTisOaNT 

Ciuchoiiino Cinchonia Moruquiuouo. 

acid. 

Cinchonic acid has been shown to bo a quinoline carboxylic 
acid of the formula— 


COOH 



80 that cinchonine itself must be a y-quinoliue derivative. 
1 KSnigB, Ber.^ 1804,87, IfiOl. 
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For tho sake of convenience, we will refer to the two halves 
of the cinchonine molecule as tho "quinoline half" and the 
" second half." It is obvious tlmt the hydroxyl group which 
is known to exist in the cinchonine molecule must be situated 
in the “ second half"; for if it were in the “ quinoline half " it 
would appear in cinchouic acid. We may therefore formulate 
cinchonine in the following way:— 

CioH,c(OH)N ' 



II. Now, when cinclionine is oxidised with potassium 
permanganate ^ instead of chromic ncid, tho decomposition 
products are quite different from those obtained before. The 
reaction takes the course shown below— 

Ci^H^ONa + 40 = CieH8oO,Na + It. COOII 

Giuohonino. Cincbotonme. 

This new oxidation product, cinchotcnine, contains the 
quinoline nucleus (as is shown by its behaviour on further 
oxidation). It is therefore produced by a decomposition in 
the "second half” of the moloctile. It contains a hydroxyl 
and a carboxyl group. Cinchonine can take up one molecule 
of a halogen acid, but cinchotenine has lost this property. 
Hence tlie group OH2 of cinchonine has been split off, leaving 
the carboxyl group in oinohotenina We may tlius carry otir 
deductions a stop further, and write the formula of cinchonine 
in the following way;— 



1 KSniga, ^nnolen, 18T9,1B7,874. 
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III. We muat now turn to a different reagent. When 
cinchonine is treated with phosphorus pentachlorule and then 
with alcoholic potash it loses a molecule of water and is 
converted into cinchene ^— 

CigHaaONj — HsO = 

Citichouine. Oinchoua. 

When heated with 25 per cent, phosphoric acid,’‘ cinchene 
takes up two molecules of water and is decomposed into lepi- 
diiie and mcroquinene— 

+ 21l2(!) — CioHghi + OgHuOjK 
Giuchono. Lopidiuo. Meroquinciio. 

Lepidine is known to liave the formula— 



w 


IV. Meroquineno is the next substance whoso decomposi¬ 
tions must bo examin'jd. When it is oxidized with an ice-cold 
mixtui-o of sulphuriu acid and potassium permanganate it gives 
ciucholoiponic acid ^— 

C 9 lIi!i 03 W -I- 40 = ChUiAN + H. coon 

Aforoquiiioue. > CiiicluiloipoQio 

aoid, • 

This, by the action of aqueous permanganate, is converted 
into loiponic acid ^— 

ChHijAN + O, = CtTIhOiN + 11 . COOH 

Ciiicholoiponio aoid. Loiponic acid. 

Loiponic aoid is an unstable form of hexahydi’ocinchomcronic 
aoid, for on heating with caustic potash it is converted into that 
substance by isomeric change. By assuming the itru/^wn of 
loiponic acid to be the same os that of hexahydrociuohomeronio 
acid (the cmifigurcAions of tlie \wo being different), we can 

I Conutook and KSnigs, Her., 1884,17, l'J85. 

* Kciniga, Ber., 1890, 83, S]677; 1894.87, 900l 

3 im., 1895,88.1986, SlfiO. 

* Skranp, Monatah., 189(^ 17, 377; ESnlgs, Per., 1897,80,1389. 
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work back step by step to meroqninene, whose formula must 
therefore be that shown in the series below— 


CHj.COOH 

I 

CH 

HjcT ^H.CHiCHa 

I I 

11.0 CH, 

\/ 

MH 

Muroquinene. 


CH,. COOH 
CH 

Ila(/ 'oh. COOH 

I I 

11,0 CH, 

V 

Cincholoiponie acid. 


COOH 


CH 

\lj{ \h.cooh 
11,0 (JH, 

Loipouio acid. 

The position of the —CH,. COOH group of meroquincue 
is uncertain. 

The formula above is due to Kduigs, but tlie alternative 
put forward by Miller and Bohde ^— 

Cllo-C -COOH 
HgC CH. OH : CH, 

I I 

HaC CH, 


has probably os much to recommend it. 

Of the ten carbon atoms of the '* second lialf ” we have thus 
established the mode of linkage of eight: hve in a piperidine 
ring, two in a vinyl group, and one in a methyl or methylene 
group. The ninth carbon atom of the “ sefiond half” must be 
utilized in joining the two halves together. Thus we have only 
to determine the position of tlie tentli carbon atom of the 
“ second half.” 


> MiUer and Itohde. Ber., 1896, 98 , 1060. 
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V. It will be remembered that the two iiitTC»gen atoms 
of oinchonine are tertiary; but it has been shown that the 
nitrogen atom of meroquinene is a secondary one. This has 
been established by the usual reactions of the imido group, and 
agrees with the constitution which we have ascribed to mero- 
quinene in the previous paragraph. This peculiar behaviour 
of the nitrogen atom can best be explained by the assumption 
that in the "second half" of cinchonine wo have a nucleus of 
either of the types (I.) or (II.)— 


KimigB' viow. v. Millor’fl viow. 



When such a nucleus as (I.) is heated with dilute acids it 
will undergo intramolecular change into an imido-kotone in the 
way expressed by the formula (la.) below. If the type (II.) 
bo chosen instead of (I.) the nnalc^ous substance (Ila.) would 
be produced in the same way— 


-CII' 

I 


: C CIT* C: 
—CO 


:0 


C: 


(I«) . 


CIL 


k 


:C 




C: 


I -CO I 
: 0 C: 


NH'' 

(Ila.) 


Such a change actually occurs when cinchonine is heated 
with dilute acetic acid; an imido-ketonc results, which, on 
account oi' its poisonous properties, is named " ^ 


1 MlUor and Bohde, Ber^ 1894, 97,1187,1879; 1896,88,1056. 
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Thus it is apparent that across the piperidine ring there is a 
bridge of one carbon atom, and this accounts for the missing 
tenth carbon atom in the "second half" of cinchonine. 

From the foregoing evidence, cinchonine would be repre¬ 
sented by either of the two formulm below— 



2. Tilt Con»tUution of Quinine. 

Knowing the constitution of cinchoniiio, we can easily prove 
that of quinine. 

I. Quinine differs from cinchonine by one carbon, one 
oxygen, and two hydrogen atoms— 


CjoHMOaNj - = 011*0 

Qainine. Cinibhoiiiiie. 

Tliis points to quinine being a methoxy derivative of cincho¬ 
nine, if we bear in- mind the similarity in character between the 
two substances. 

II. When oxidized with^ sulphuric and chromic acids,^ ^ 
quinine gives the acid (A); whereas it wili be remembered that 
cinchonine gave cinchouic acid (B). Meroquinene is one of 
the oxidation products in both cases— 

> Sknnp, Monatsh., 1881, 8 , 591; 1888, 4, G95; 1891, 18, 1106; 1896,16, 
3684. 
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COOH CCOH 


OCHj 

KrJ 



(A.) (B.) 

Iir. This ])roves the presence and position of the methoxyl 
group in quinine; and since in its leactions quinine forms an 
exceedingly oluso analogue to cinchonine, we are justified In con¬ 
cluding that it is a methoxy cinchonine of the follow ing consti¬ 
tution (accepting Kduigs’ view of the structure of dnchonine) 


11,C 

I 

U,C HO 


CT[ 

I 

CH, 

C 


rH.CHiOH, 

I 

cir. 





CtiiihonuHiie and Corudiinine, 

Cinchonine has three asyminetiio carhou atoms in its mole¬ 
cule, and therefore it may i>ocur in sevcial stereoisomeric 
forms. Ohiuchouidine is supposed to he one of these; while 
conchininc is a stereoisomer of quinine. 

£.—This IsoqurNOLiNii Gboup. 

1. The GonstituHon of Papaverine, 

The constitution of papaverine is a much simpler question 
than that witli which wo have jubt dealt in the case of 
cinchonine. There are six steps in the argument.' 

i aoldschmlodt, MonatOi.^ 1868, 4, 704; 1886,0, 873. 807,954; 1886, 7, 
486; 1667,8, 510; 1888,8, 42,387.849, G70, 762, 77b; 1889,10.678, 692. 
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r. In the first place, the formula of papaverine is 
C^H 2 i 04 N ; it contains four inethoxyl groups, which can be 
hydrolysed, yielding the substance papaveroline, C| 0 HgN(OH) 4 . 
This accounts for all the oxygen atoms. 

II. On fusion with alkali, papaverine breaks down into two 
nuclei, one of which contains nitrogen, while the other nucleus 
is iiitrogcn-fiee. The first was i)ruvcd to be a dimetlioxy- 
quinoline of the constitution— 



while the second decomposition product was dimethyl- 
homocatechol— 


CH3- 


A 

v 


-0CH3 

-0CH3 


Ul. Thu hict that tlicsu two grou])S are directly united to 
one another follows from tlie composition of the two decom¬ 
position products— 

H2 + O20IT21O4N = Ci^HiiOgN -|- t!oHi202 

Papavorino. l)iiuoL|foxy- Dhnsthoxy- 

^ quinoliiio. homooateohol. 

IV. Wo must now examine tlie question of the manner in 
which the two nuclei arc united. Since papaverine contains 
four muthoxy groups, and each of the decomposition products 
contains two, it is obvious that during the dccomiTosition no 
methoxy group is destroyed. Now, if the link between the 
two nuclei had been an oxygen atom, if papaverine had 
contained the grouping R—0—CH 2 —O—R, then in the 
breakdo'wn of the molecule one - 0 . CH 3 . 0 - group would have 
been destroyed. We may therefore exclude.tho idea of joining 
the two nuclei tlirough au oxygen atom, and must assume 
that they are directly united, carbon to carbon • 

y. Our next problem is to find which carbon atom of the 
isoquinoline ring is joined to the other nucleus. When we 
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oxidize papaverine with potassium permanganate, we obtmn 
n-carhocincliomeronic acid— 



COOH 

* 


Kenco we deduce tiiat the side-chain (second nucleus) was 
attached at tlie point now occupied by the carboxyl group, 
which is marked with an asterisk. Papaverine is therefore— 



VI. Wo have now to settle tlie constitution of the 
group —C7HG(OCHa)2. This must bo the diinotlioxy-hoino- 
catechol radicle, which has the same composition. Wc have 
only to decide whether the two nuclei are joined ring to ring 
or by the intermediation of tho side-chain of the dimethozy- 
homocatechol. Without going into details, it may bo said that 
all the evidence points to the union being made through the 
side-cliain. The constitution of papaverine is therefore— 

UII3O- 

CU3O- 

I 

CJI2 

• • 

>—00118 

OCHj 
PapaTerine. 
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2 . Synthesis of Papaverine^ 

The synthesis of papaverine has recently been carried out 
by Pictet and Gams.^ The reactions may be grouped in five 
stages. 

I. The first step in the process is the synthesis of amino- 
oceto-veratrone. For this purpose veratrol (I.) is treated with 
acetyl chloride in presence of ahimininm chloride, whereby 
aceto-voratrono (II.) is formed. When this is treated with 
soilium ethylate and amyl nitrate, it yields the isonitroso- 
derivative (III.), which can then bo leduoed by tin chloride 
and hydrochloric acid to the hydrochloride of amiuo-aceto- 
veratrone (IV.)— 



(m.) (IV.) 


II. We must now turn to the syuthasis of homoveratroyl 
chloride.* Vanillin (V.) is mctliylated and then treated with 
hydrocyanic acid, giving dimcthoxy-mandelic nitrile (VI.). 
When this is boiled with hydriodic acid three processes take 
place simultaneously; reduction, hydrolysis, and the splitting 
off of methyl radicles. We thus obtain homopiotocatechuic 
acid (VII.) and by mcthylation of the hydioxyl groups 
followed by the action of phosphorus pentochloride the chloride 
of homoveratric acid is formed (VIII.)— 



0 H 30 --/%~CH( 0 H) . Ch 


(V.) (VI.) 

^ Piotet and Gams, G. B., 1909,140,210. 
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HO- 

1 

-CITj-COOH CH 3 O- 

1 

HO- 

k J 

CII 3 O- 



-OHj.CO.Ol 


(VII.) 


(VIII.) 


111. If we now allow the amino-aceto-voratrone hydro- 
dilorido obtained in Stage I. to interact with the homoveiatiic 
cliloride of Stage II. in presence of alkali, we obtain homo- 
veratroyl-amino-'aceto-veratrone (TX.)— 


CH 3 O--, A .CO.CHj.NH.CO.CHj. A- 




00H3 
-OOH, 


(IX.) 


IV. An inspection of the formula (IX.) will show that 
though the substance contains two carbonyl groups, one of 
these is a true carbonyl while the other is a radicle which 
originally formed imrt of a carboxyl group. When the 
substance is reduced with sodium amalgam in neutral alcoholic 
solution, the true carbonyl is reduced, while the acidic carbonyl 
remains unaffected. The pnxluct is hoinoveratroyl-hydroxy- 
homoveratrylamine (X.)- * 


. C 


CH 

CH,0- 


V 


CH(On). CH,. NH. CO. cn, 


(X.) 


■A- 


V 


OCH, 


-OCH, 


V. When this substance (X.) is treated with phosphorus 
pentoxide in boiling xylene solution, it loses two molecules 
of water and is concerted into papaverine (XI.)— 
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OH 

I 

CH 



3 . 'Die. Synthesis of Lmuianosine. 

In tLo preceding Rcctiou we have seen how the synthesis 
of impaverine may be accomplished, and we ore now in a 
position to consider tlie question of a closely i«1atod alkaloid, 
laudanosine. Tliis body is very simply produced from papa- 
voiine. Pictet and Athauasescu ^ showed tiiat if we form the 
chloro-mcthyl derivative of papaverine and then reduce this 
with tin and hydrochloric acid we obtain inetliyl-tetrahydro' 
papaverine. This synthetic substance is of course racemic 
and from it the dextro-outipode was obtained in the usual way 
by making the quinic acid salt of the alkaloid and fractionally 
crystallising it. The substance thus obtained was found to be' 
identical with natural laudanosine— 

I 

^ Piotot and Atlianasosou, JJer., 1900,83,3346. 
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Pictet and Finkelstoin^ have recently carried out the 
complete synthesis of laudanosino, but as the method is very 
similar to that which wc have already described in the cose of 
papaverine wo need not enter into it hero. 


4. OpUmic Acid. 

Though opianic acid itself is nut an alkaloid, we must take 
up its constitution at this point owing to its relation with 
nui'cutine, with which we shall deal later. 

I. When narootine is liydrulysed with barium hydrate 
or sulphuric acid,^ it decomposes into opianic acid and 
hydrocotaniiue— 

CmH230ijN + II 2 O = C|olI|oOj| + Ci 2 Ui 50 jN 

Nnreotino. Opiouio acid. llyatbootaniue. 

II. Opianic acid is a monobasic acid, and tlierefoi-e we may 
write its formula CgHgOs . GOOU. 

III. When heated with hydriodic acid, two methyl groups are 
split off from opianic ,acid.^ It therefore contains two methoxy 
groups, and may be written thus, (CHsO)^, O7HSO . COOH. 

^ Pictet and Pinkolsteiu, Ber., 1909,42,1979; C. ij., 1909^ 142,926. 

* Bodkett and Wright. Trana. Chen. Soe., 1876, 28, 

* Matthiesseu and Poster, Xwnafa^i Sujfpl., I., 333; 11., 378; V., 333. 
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IV. Wlien heated with potash ‘ it gives (by reduction) 
mccoiiine, and (by oxidation) hemipinic acid— 



This last reaction is parallel to the formation of benzyl alcohol 
and benzoic acid by the action of potash upon benzaldehyde, so * 
we must conclude tnat opianic acid contains an aldchydio 
group; and from tlie constitution of hemipinic acid it is 
obvious that this aldeiiyde radieJo must be next tlie carboxyl 
group of o])innic odd. 

V. The final proof of the presence i f an aldehyde group in 
opianic acid is fuiirished by the behaviour of its sodium salt 
when distilled with soda-lime.^ Carbon dioxide is split off in 
the usual way, and the methyl ether of vanillin is left. The 
formula of opianic acid must therefore bo that wJiicli is shown 
below— 


OC1I3 

1 

DCH, 

1 

_A 

- coon 

CK3O-' 


CTIO 

l^-ciio 

Opianic acid. 

Methyl ether of vauillin. 


5 . ComtUutioih of Cotamine. 

The next stage in the proof of the narcotine constitution is 
reached through the constitution of cotamine. This substauco ” 
is obtdned along with opianic acid when narootiuo is treated 
with oxidizing agents. 

C22H2gOaX + 0 + H 2 O =S 

Narootlne. Oinamo oold. Ootarniuo. 

^ MAtlhioagon imd FoatiAr, Atinalttn Svppl., 1., 832; II., 861. 

* Beckett and Wright, Trana. CJum. Soe., 1870,88,683. 

> Wuhlor, Annalen, 1814,00,1. 
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I . Gotarniao reacts with t^ro molecules of methyl iodide, 
thus proving that it is a seoondary base. Tlie reaction product 
is called cotaruomethiiio methyl iodide,^ and has tho composition 

II. By heating this body with caustic soda, triinetbylamine 
is split off,^ and cotarnoue, Oi|H]o04, temains. This proves to be 
an aldehyde, so that its formula can l)0 writtim CioIlgOs. CIIO. 

III . When cotariiono is oxidized with potassium perman¬ 
ganate^ it gives a lactone, cutarnolactonc, O||Hiq() 0, fium which, 
on fiurthcr oxidation, cotaruic acid, GioUgG^, is obtained. 

IV. By tlie usual leactioiis it is found that cutamic acid * is 
dibasic, contains a mothoxyl radicle, and lias its carboxyl groups 
in the ortho-position to one another, as is shown by the ease 
with which It forms an anhydride. Wlieu heated with 
ph(«sphorus and hydriodic acid to about IdO^ G. it yields gallic 
aciil— 

Oil 


110 

no- 


V 


COOJI 


V. Now, gallic acid diffots fiom uouitnio acid by tho 
group Cgllgt)*— 

(^lolIsGr - G7II0O5 ■= Gib + GOj -f.(‘ 

Ootamic (rallio Fioiu incthoxy 
at 1(1. aoid. group 

Fait of this wc can account for by the lo«d of caibon dioxide 
fiom a caiboxyl group, since cotaniic acid is dibasic, while 
gallic acid is monobasic. We have thus one carbon atom leit 
unaccounted for. This must lie dt'rivod from tho methylene 
group of a methylene ether We are in (his way led to ior- 
miilate eoianiic acid as a inetliyl-methyleno-gallic-carboxylic 
acid, GgH((ICIIg) (GHg^s) (GGOH)g. For such a substance there 
are only two possible loriiiuLe— * • 


> Boser, Aimakn, ISSQ, 319,167 

> Itnd., 141 
* IM., 168 

« Huddled, 1899 , 864 , 841 . 
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0 


CH3O-- 


CH2-O 

I 

A. 


V 

(I) 


COOH 
-COOH 


OCH, 






-COOH 


(II.) 


Without going into details,^ wo may say that tho general 
behaviour of the substaiiue is best loproseuted by (II.). Cotamic 
add thoiofore lias the constitution— 


OCHa 

-COOII 
-COOH 

Gotamio aoid. 



lotamolactone must tdiereforo have tho formula— 



and cotaniono must be— 



yil. But ootamone was * obtained frbm cotamomethine 
methyl iodide and soda, whence ootomomethine methyl iodide 
must have the structure— 


' Freund and Bockor, Ber., 1008^ 36, 1521. 
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VIII. Hence cotarnine should have the following constitu¬ 
tion, since cotamomethine methyl iodide is obtained from it 
by tlio action of two molecules of methyl iodide: 



TX. This fprmula, however, fails to explain the formation 
of a pyridine derivative, apophyllenic acid, when cotaniine is 
oxidized with nitric acid; ^ aud to iiccount for this we must 
assume that the free aldchydic group lias disappeared in the 
course of some intramolecular ring-formation, which simul¬ 
taneously brings into existence a pyridine chain within the 
molecule of cotarnine. This change we may represent in two 
ways, as shown in the formulm below— OH 
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It is generally agreed that the salts of cotarnine are best 
repi'eseutod as derivatives of the ammonium form; for instance 
the production of apophyllenic acid can be made clear on this 
assumption— 



Cotaniino nitra^iQ. 


cn 

/ \ /NO 3 
oxidiM iroou u 

-^ 1' 1 ^Cllg 

llOOU-tJ CH 

\ ^ 

OH 

Apophyllenio acid derivative. 


With regard to the free base, however, ilie spectroscopic 
investigations of Debbie, Lander, and Tinkler^ have shown tliat 
the structure varies with the solvent tii which the substance is 
dissolved. In ether or chloroform the t irbinol form is present; 
but the addition of alcohol to the solution brings into existence 
the aninionium form; in pure alcoholic solution no less than 
25 per cent, of the substance is present os ammonium base. 


6. Thf Synlhmit of CoUmiine. 


Ill the last section we dealt with the constitution of cotar¬ 
nine, and we must now take up the synthesis of this substance. 
Synthetic cotarnine has been prepared by Salway; ^ but as the 
constitution of one of his intermediate products is left doubtful 
in the synthesis, it is not possible to establish the cotarnine 
stiuoture from his work. In the light of the facts given in 
the lost section, however, wo can deduce the formula: of the 
intermediate compounds. 

I. The drst stage in the process is the synthesis of 
methoxy-4 : 5-methylencdloxy-phenyl-propionic acid. Salway 
took as his starting-point the substance myristicin— 


0-/\ 


--CHj-CH CHj 


OOlIj 


^ Dobbie, Laudor, and Tinkler, ZVons. Chem. Soe^ 1908,88,698 
■ Salway, Ihuts. Chem. See., 1910,97, 1908. 
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which he obtained from oil of nutmeg. This was heated with 
alcoholic potash to convert it into iso-myiisticin; and the latter 
was then oxidized to myristicin aldehyde by means of potassium 
permanganate— 





-OHy~CII - Clfj 


\ 


OCH 3 

Myriiiticin. 


\ 



-CH---CH-CH3 


OCTI, 

THomyrisDcin. 


.0 ■ |(^-CHO 

oir^ 

OCHj 

Myristicin aldehyde. 


The aldehyde was then cniuleuscd with ethyl acetate by means 
of sodium, and the resulting ester was hydrolysed wi^ alco¬ 
holic potash— 



OHIO HjjCH.COOCjr 


s 


\ 

\ 



The substituted cinnamic acid thus produced was redifiied with 
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sorlium amalgam, and in this way the required /3-3-metihoxy 
4:5-methylenedioxy-phenyl-propionic acid was obtained. 



II. The second stage ends in the production of phenyl- 
acetyl>/3*3-mcthoxy>4 : 5-methylenedioxy-phenyl-ethylamine. 
The acid (I.) was converted into the amide (II.) in the usual 
way, and this in turn was changed into the corresponding 
amine (IIT.) by Hofmann’s reaction— 


O- 


(II.) CH,/ 

Nj- 


A 

OCII, 


-CJIa-OHj CO-NIIj 



The phenylocetyl derivative (IV.) was then prepared by the 
ordinary method— 


-CHj-CHj-NH-CO-Cirj- CgHs 


(tv.) 

Fhonylaioetjl*S-8-inethox7*i; 6-metiiiyleQediqz7-pbenyl>ethylttinlno. 

III. This phenylacetyl derivative was condensed by heating 
it with phosphoric oxide in presence of xylene; and in this way 
a mixture of two isomeric dihydro-isoqninoline derivatives was 
produced (V. and VI.). 
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l-CH^CHj-NH-CO-CHj-CeHj 


OOH, 


CHg 

ocQ^y 

y \/' 

(V.) OCH, 0 

CH 2 . Cgl'{5 


(IV.) 

> 


N 

^\H 2 

CflUs.CHj-C 0 

I 

/CH, 



IV. Tlie substance (V.) is 8-methozy-6: 7-mctbylenedi> 
oxy-l-benzyl-3 : 4-(lihy(lTo-Jsoquiaoline. To convert it into 
ootamine, it is necessary in the first instance to form its 
motho-cliloride (VIL), which is then reduceil by moans of 
tin and hydrochloric acid to l-l)enzyKliydrocotamine (VIII.). 


(71t/ 

\)- 


‘ CHo 

'c: 


V- 


CH, 

I 

N.Cl 

\-/i 

ClIa.UcHs 

(VII.) 



Ji'iually, oxidation with manganese dioxide in presence of snl> 
phuiic acid converted the benzyl derivative into cotarnine— 
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It will be noticed that the substance (VL), if treated in the 
same way as (V.), would give rise to an iso-cotamine; and if 
the cotamine constitution were unknown, this synthesis would 
throw no light upon the relative positions of the methoxy group 
and the pyridine ring. 


7. Tks Synthesis of Hydroeotamiva. 

On reduction, cotamine is converted into hydrocotaniinc,^ 
which is formed in the manner indicated by the formuhc below— 




Alcohol. 


- > 



^ Beckett and Wright, Tram, Chem. Soe,, 1875, 88, 677; Bandow and 
WdfienBtein, Ber., 1698,81,1677. 
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8 . Tht Constitution of Nareotine. 

We have now in the course of the previous sections amassed 
the material which we require in our consideratiou of the 
narcotine formula; and we may next proceed to deal witli the 
question. 

Nareotine contains no carboxyl or hydroxyl radicle. It is 
made up of one hydrocotarninc nucleus and one opianic acid 
nucleus, the latter being in the form of the lactone, meconine. 
This is shown by the action of reducing agents upon nareotine— 


CaaHa 307 N + H2 — C10II10O4 + CuHisOaN 
Nareotine, Moconine. Hydrocotoniino. 


We must now consider the mode of linkage of these two 
nuclei Wlien wc examine tlic foriiinlie of meconine and 
hydit)CotariLiiio— 



Mooonino. 



Itvdrocotarnkio. 


it is obvious that the linking does not take ])laco through 
an oxygen atom, as all of these are fully occupied. It must, 
therefore, occur by the conjunction of two carbon atoms, each 
of which loses a hydrogen atom in the union. The pair of 
atoms which are most likely to be concerned in the linkage 
are thoso which give rise to the aldehyde groups of opianic 
add and cotaniinc, so that the formula of nareotine would be 
written— 
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OCHj 



CH, 


Narcotinc. 


9. The, Synthesis of Onoscep^ and Narcotine. 

Ferkin and Kobiuson ^ showed that wlien cotarnino and me- 
coniue are boiled in uluoholie solution in presence of potassium 
corbonate the substance jiroduced is identical with the alka¬ 
loid gnoscopine; and by fractionally crystallizing the tf-bromo- 
camphorsulphonate of the base ^ they were able to isolate the 
dextro and Isevo forms of narcotine, gnoscopine being tlie 
racemic variety. The lievo-narcotine thus ‘obtained was iden¬ 
tical with the natural alkaloid. 


10. The Synthesis of Narceine. 

When the methyl iodide addition product of narcotine is 
treated with alkalis, it is converted into a substance narcelCne, 
wliich was first called pseudo-narceine.’' The course of the 
reaction may be formulated in the foUowiog way:— 

> Perkin and ItobinBon, Proe. Chim. See., 1910,8C, 46. 

* Ibid., 181. 

* Boser, itfinoien, 1888, S47,107; 1889,804,867; Freund and Frankforter, 
ibid., 1898,877, 81. 
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isy i- 


OCHs 

I 

CHaO-f/\-COv 

u> 



OHaO-| 


KOH 


OCH, 

/\-co 


v/ \ / 

CH, 

Narootino methyl iodide. 





enjO 

OH ! CH 

yO-r I' 

”<<,-1 I IS “< 


V 

Intermediate ptomiot. 


N(CH.), 
(JHj 


/ 


OCJL 


OOH, 


CHgO- 

11 

-COOH ClIjO- 

^ 11 



-C-OH 

kv J 


C1I.0 




CH 


^(OHala /0-f 

“■CU k “< 0-1 


\ / 

CHj 

Intermediate prowt. 



COOH 
-CO 


CHo 


CHa-OHg-K(CHs),. 

Kazcelae. 
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11. The Eyntkeids of Hydrastinine, 

Tills substance, whicli occni's among the decomposition 
products of the alkaloid hydrastine, has been synthesused by 
Fritsch; ^ and as a knowledge of its constitution may help us 
in our consideration of the hydrostine formula, we may give 
a brief account of Fritsch’s work befoiu dealing with the 
natural alkaloid. 

When chloracetal is treated with ammonia, it yields the 
substance acotalamiue, which has the formula— 

NHa.CHa.CniOCgHr,)* 

This substance can be made to condense with aromatic 
aldehydes; and wlion the products thus obtained are U'eated 
with sulpiiuric acid, alcohol is split off and isoquinoline 
derivativus ore formed. If we apply rliis reaclioti to the case 
of pipcronal, we shall have tlie following series of reactions 



CHO 


+ HaN.CHj.OHcOOgHala 


Acotalomino. 




-CH;ll.CH,.CH(OCjU,), + H,0 


FipeioDoIacolaluiiinQ. 


Cll 


cir 

dill 


QH 
-> 


JH(OCaHB)a 

PipeEonalacetsJamino. 


Ci[ 



Mothylouedihydxoxylaoqainolme. 


*■ * 

When the methyl iodide addition product of this body is 
reduced by means of tin and hydrochloric acid, it gives the 
substance hydrohydrastinine— 


* Fritsoh, Annale», 1695,986,18. 
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CH 



CH, 



This last substance Freund > has converted into hydrasti- 
uinc by oxidizing it with potassium bichromate and sulphuric 
acid. 

Now, from the fact that the behaviour of liydrastinine, on 
reduction and salt formation, closely resembles tliat of cotamiue, 
we are enabled to put forward the following structural ibrmula 
for it:— 



llydrivitiniuc. 


llydrastinino hydtoohloiido. 


This formula explains why hydi'astininu behaves as an 
aldehyde, why it forms a ring-compound in presence of acids, 
why its salts contain one molecule of water loss than the free 
base, why it yields apophyUenic acid on oxidation, and many 
other proiKirties which the substance possesses. A comparison 
of their formalin will show that cotarnine is a mothoxylated 
bydrastininc. 


12. The Constitution of Uydrasti^ie. 

Hydrastine contains one methoxyl group less than narco¬ 
tine, but in aU other respects it resembles that compound. 
Now, on oxidation with dilute mtiic acid, hydrastine breaks 
down into hydrastinino and opianic acid just os narcotine 
breaks down into cotarnine and opianic acid. But, as was 


> Freuud, Bar., 1887, SO, 3403. 



156 RECENT ADVANCES IN ORGANIC CHEMISTRY 


shown in the preceding section, cotamine is methoxy-hydras- 
tinine, so that wo may conclude that if we eliminate the 
methoxy group from narcotine we shall have hydrastine. This 
actually proves to be the case; so that we may write the 
formula of hydrastine by simply taking that of narcotine and 
replacing the methoxyl radicle of the cotarnine half by a 
hydrogen atom. Hydmtine would therefore be— 


OCHa 



Hydraaliiiie. 


13. Thb Sipitiutia of BeAterine, 

Piperonal (I.) forms the stiuting-point of this series of 
reactions. When it is condensed with nitromethano in pre¬ 
sence of sodium methylate, it produces piperonylidene-nitro- 
metliane from which in turn homopiperoualdoximc and 
homopiperonylamine (II.) are obtained by leductior. ^ 



(I.) . (JI) 

Homoveratroyl chloride (the preparation of which has 
already been described *) is now allowed to act upon the amine 


* Bouvaaolt and Wahl, Oompt. rend., leOS, 185 , 41; Medingur, Monatih., 
1906.97,387. ■ See p. 188. 
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yielding a condensation product (III.), which loses one moleculo 
of water when heated with phosphorus pentozide in xylene 
solution forming (IV.)— 




x>- 


Ch/ 

KH, ®- 


V 


/V 


CH,0 


-CHj.CO.Cl 



OOH, 

HoinoveEatroyl ohloiiAo. 



/O-fV Njh, 

(J 


ilr 


CH, 

\/\ 


av.) 


V 


OCHa 

OOH, 


When the isoquinoline derivath e (IV.) is reduced with tin 
and hydrochloric acid, it yields veratroyl-norhydrohydrastinine 
(V.). Condensation of the hydrochloride of this witii methylal 
results in the entry of an extra carbon atom into the molecule, 
with the formation of a new lix-raembered ring. This pro¬ 
duces tetrahydroberberine; ^ from whicli berberiue itself is 
obtained, by oxidation.^ 

^ Piotet and Gams, Compt. vwid., 1911,168, 886; Bar., 1011,44,3480. 

* Hloalwots and Glim, Atmakn Sufp., 1868, S, 191. 
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The true constitution of bcrberino is not yet agreed upon, 
ns thcTo are so vend ways in which hycL-jgen might be removed 
from tutrahydroberberino. 


F. TiIK PHBNANTmtBNE GkOUP. 

1. lilt RdaJtm\» htivem Morphine, Cwleine and Thebainc. 

The general I'esemblance between morphine, codeine and 
thebainc can be seen by the comparison of thoir respective 
compositions: 

0igHa03N GigH^OgN 

Morphiuo. Godeino. Thobaloe. 

Morphine contains two hydroxyl groups, one of which is 
phenolic ’ and the other is an alcoholic radicle.^ V/hen mor¬ 
phine is methylated, codeine is formed, winch has no phenolic 
properties. This establishes that codeine is methyl-morphine 
find carries its methyl radicle on the phenolic oxygen atom of 
morphine. The thinl oxygen atom in morphine and codeine is 
indifferent to reagents and is therefore assumed to be ethereal 
in character.* When subject to Zeisers reaction, thebaine loses 
two methyl radicles; so that evidently it contains two methoxyl 

< Matthifissen and Wright, Proo. Roy. Soe,, 1869,17,864.' 

* Hobbo, Annalm, 1664, 8tt, 208. 

* Vongorichten, Annalen, 1888,810,105. 
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grottps. The formulae of the three substances maj therefore be 
written as*below: 

IlOv . CHjOv CHjOv 

>C„H„ON >Ci7H,bON 

HO^ HQ/ CH,(X 

Alorphinc. Codoino. Thobaine. 

‘ wherein the third oxygen atom is nssiiraed to bo ethereal in 
character. 

All three alkaloids are tertiary bases and each of them 
contains a pliunanthrene nucleus, as will be seen later. 

2 . MethylnwrphimUhine.^ 

I. Codeine unites directly with one molecule of methyl 
iodide, forming codeino-innthy]-aiii7Aon{um iodide. When this 
coinpounil is boiled with caustic soda it yields a tertiary base, 
OigH2303N, which is known ns methylmorphiinethine. The pro¬ 
cess is evidently one of cxliaustivo methylation,* atid the result 
proves that in codeine the nitrogen atom forms part of a ring, 

II. When mctliyl iodide is allowed to unite with mothyl- 
morphimethiuo, a quaternary ammonium iodide is produced 
which can be converted into the corresponding niothylniorphi- 
methino-methyl-aminoniiim hydroxide in the usual way. On 
heating, this liydroxido decomposes and among the products 
trimethylaminc is found. This proves that the nitrogen atom 
in methylinoTphimethiue-methyl-ammonium hydroxide is at¬ 
tached to three methyl radicles. Now since only ona methyl 
group was introduced into Uie inoleoule in Stage I. and a second 
one in Stage II. it follows that the tliird methyl radicle must 
have been attached to the oiigitial nitrogen atom in codeine. 
Codeine, thereforo, contains a nitrogen atom attached by two of 
its valencies to a cyclic grouping, whilst the third valency holds 
a methyl radicle. The course of the various reactions may be 
symbolised as follows, Rlt being used to i-epresont the remainder 
of the codeine structure: 

R B B B K B B B B 

Ciw V V——^.Vlou 

Codeine. • Mrthyl- 

•notphiniethino. 



Kaon, Her., 1889, S8,188. 


• Soo p. 180. 
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III. Wlien treated with acetic anhydride,' methylmorphi- 

methiiio yields hydroxy-ethyl-dimothylaniine: « 

HO.CHa.CH,.N(CIl3)j . 

This chain might have been attached to the parent molecule 
either by the intermediation of the oxygen atom or of a carbon 
atom. By actual syntliesis of the otiier typo of compoifnd 
&om the decomposition products,^ it was proved that this 
structure was not the one sought; so that the side-chain is not 
attached to the rest of the codeine- molecule by means of the 
oxygen atom. The linkage is therefore one between two carbon 
atoms; and the oxygen atom of hydroxy-ethyl-dimethylamine 
is not part of the original molecule, but is supposed to appear 
as the result of a reaction between water and the primary 
decomposition-product: a vinyl derivative.* 

IV. Summarizing the infoimatiun gained in the foregoing 
paragraphs, it 'is clear that metli>’inorphiuietIune may be 
represented by (1) wliile codeine corresponds to (2). 


OHjOv 

vo„h;o>-oii,. oh, . n(oh,), 

HO/ 

( 1 ) 



-OH,. OH, 


-N.OH, 


( 2 ) 


y. The second product obtained when motliylraori)hi- 
methine is decomposed with acetic anhydride is a methoxy- 
hydruxy-phenanthrene which has been shown, by synthesis ’’ to 
have the structure: 


« 


vxA 


HO ■ 


%/' 

I 

OCH, 


■ Knorr, Ber.t 1889, 88,181, II43; 1894,87,1144; lliiozx and Smiles, ibid., 
1902. 35, 3009. 

■ Ibid., 1905, 88, 3148. 

** The primary product is assumed to bo OH, ; OH. N(OH,), whloh is then 
supposed to add on a molecule of water at the double bond. 

' Psohorr and Sumuleanu, Ber., 1900, 88, 1810, 1884; Fkohorr and 
Vogtherr, Und., 1902, 85, 4412. 
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3. Th^ Stru^m of Mor^phvM and Codeine. 

L The whole of the seventeen carbon atoms in the mor* 
phine molecule are now accounted for: since there are fourteen 
in the phenanthrene nucleus, two in the ring of which nitrogen 
forms a member and one in the methyl radicle attached to the 
nitrogen atom. The next step is to determine, if possible, the 
position of the ethereal oxygen atom in the molecule. Proof 
has been given above that this oxygen atom does not serve to 
link the nitrogen chain to the inolecular nucleus; so it evidently 
must be linked with two carbon atoms of the phenanthrene 
group. Since a ring composed of four carbon and one oxygen 
atom is a fairly stable one, it is concluded that this grouping 
occurs in morphine; and this view is supported by evidence 
drawn from the effect of the Grignaid reagent upon the 
analogous oxygen atom in thubaine.^ Although the evidence 
is not perfect, it is geueially accepted that morphine contains 
the skeleton shown in (3)— 




\/\/\ 

1 

1 

1 

o-. 

Y 

'Y 

OH 

OOH 

(3) 

(4) 


II. The position of the remaining hydroxyl radicle has been 
determined in the following way. When codeine is oxidized by 
means of potassium permanganate or chromic ooid,^ it gives the 
corresponding ketone codeinone, the group —CH(OH)— being 
chang^ to a carbonyl radicle. On t^tment with acetic 
anhydride,’ codeinone yields 3-methoxy*^ 6-dihydroxy-phe* 
nonthrene, which places the hydfoxyl group in position 6 as 
shown above in the formula (4). 


* Fraiud. Der., 1908,88,8884. 

* Aoh and Knorr, Ber., 1903,86,80GT, 
> Knon, Her., 1998,86,8077. 


M 
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TIL It has now been shown that morphine contains a 
phcnanthreiio nucleus with six substituents attached to it: 
two- places l)eing occupied by the ends of the nitrogen ring, 
two by the hydroxyl groups and two by the ethereal oxygen. 
On counting the hydrogen atoms in this structure, it will bo 
found tliat the total is six less than tlio number actually 
required by the formula for morphine. Erom this it is clear 
that morphine contains a partially reduced nucleus. The 
position of one of the reduced nuclei is indicated by the 
alcoholic hydroxyl in morphine; since this must be attached to 
a hexahydro-ring. 

IV. The only romaining problem is the attachment of the 
nitrogen ring to the nucleus. There is no conclusive evidence 
on the point; and it will be sufScient to give here two of the 
formulse suggested, one by Collie,^ the other by Pschorr.* 


Cl la CHa CHa 

HaC^ \’H2 

I II I I 

110-CJl C 0 N.CHj 

\/\/\/ 

OH C C . 

\ i :: 

0—C OH 

V 




CoUio'H formula. 


110 


CH CHa N.CIlj 

11 ^ \ll S;ifg 
'■ I I 
C C CHa 




1 

O- 


-CH CHa 

I 

OH 

Pschorc’B formula. 


Whatever formula bo adopted for morphine, the oorrr*- 
sponding codeine formula is obtained by substituting a methyl 
radicle for the hydrogen of the phenolic hydroxyl group. 

It will bo noticed that in each of the above morphine 
formuhe there are three asymmetric carbon atoms, from the 
presence of which it is reasonable to deduce that morphine will 
exist in two or more isomerc forms. Ip actual practice it is 
found that in addition to morphine itself there exist three 

t Collie, private oonimnnioation. 

* This formula ia based on Fschorr’s formula for apomorpfaine (Psolion, 
Ji&okel and Feoht, Ber., 1909, 80,1379; Faoborr, Binbeok and Spangenbeigi 
ibid., 1907, 40,1934,1996,1998. 
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isomeric bases: a-, (i-, and y-isomorphinc; and in the case of 
codeine there ai'e also three extra isomers: isocoileine, pseudO" 
codeine and allopseudocodeine. Four isomeric methylmoi^hi- 
methincs ^ have also been found. 

The case of the codeines is sufficient to throw some light 
upon the problem. Wiieii phosphorus chloride acts upon codcdiic, 
the hydroxyl group of the alkaloid is replaced by a chlorine 
atom, yielding chlorocodido; but when this chlorocodido is re¬ 
converted into a hydroxyl derivative there is no regeneration of 
the original codciue, for any one of the three isomeric bodies 
may be produceil according to the cxporiinental conditions.’’ 

Now when codeine and isocoduino are oxidised with chromic 
acid, they yield the same codeinone, wliich proves them to be 
structurally ideutical but sturcoisomeric on account of the 
uiTangement of the —CU(OH)— groups in space, a difference 
which vanishes when the secondary alcoholic riuUcle is oxidized 
to a carbonyl group. By tlic same test, psoudocodciue and 
allupseudocodeiiic are also two stereoisomers, but since the 
codeinone in this case is different from that derived from 
codeine itself, it is clear that structure isomerisui must be 
taken into account in onler bo explain the difference between 
codeine and pseudocodeino. 'i'ho correctness of this view seems 
to be established by the fact tliai psoudocodeiiumu, derived 
from pseudoeudeine can be broken down to 3-methoxy-4, 
S-dihydroxyphenanthrene; whereas codeine itself yields with 
the same treatment 3-methuxy-4, 6-dihydroxyphcnauthreue. 
The isomerism of codeine and pseiidocodeiue therefore arises 
from the fact that the —CH(OH)— group occupies tlie position 
6 in one molecule and the position 8 in the other. 

These reactions enable us to compare the formula) of Collie 
and Pschorr. Tiie Collie formula agrees with the facts; whereas 
in the Pschorr formula the position 8 is already occupied by 
the isocpiinoline ring. From this it is evident that Collie’s 
formula is the more correct of the two. 

Further evidence in favour of Collie’s view and against 
Pschorr’s formula is to be found iff the following facts. When 

^ Orinuraz, Campt. rmd., 8S, 691; Ueasa, Annalfn, 882,228; Kuorr, Her., 
1894, 87,1144; Knorr and Smiles, ibid., 191^, 36, 8009; Schryver and Leon, 
Traiu., 1901, 79,1; Knorr and Hawthorne, lier., 1902, 86,8010. 

* Schryror and Lees, Tram., 1900,77,1024; 1901, TO, BGB; 1007, 81, 140B; 
Knorr and llCrleiu, Ber., 1906, 89, 4«09; 1007, 40,8844. 
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codeinone is treated with dilute hydroohloric add it yields a 
secondary base thebenine; whereas when strong hydrochloric acid 
is enipluyerl, the tertiary base morphothebaine is produced. Both 
these substances are isomeric with codeinone. Now when each of 
tliese compounds is methylated two different tiimethoxy-deriva> 
tivos are formed, which, on oxidation, give rise to two different 
trimethoxy-carboxyUc acids derived from phenanthreno:— 


Morpliothebaine Co ne. HCi 

Methylate and 
^ oxidize 

PheuaiithronB-S, 4, 6*trimothoxy* 
ouboxylic aoid. 


Codeinone Thebenine 

Methylate and 
oxidize 

Y 

Phenantbrene-S, 4, S-tnmethoxy- 
osrboxylio acid. 


Heat 


Heat 


8, 4, C-trimothoxy-phoDanthrane. 


8,4,8-triinethoxy>phenanthrene, 


4. Thebaine. 


An examination of the formulse for codeine and thebaiuc 


TIOv 

>0„H„ON 

0H,0/ 

CodeluQ. 


CHaO/" 


ChHj^ON 


Thebaino, 


will show that thebaine appaiently contains a structure similar 
to codeine, except that it lias two hydrogen atoms less in its 
nucleus. It is reasonable to assume that in thebaino there is 
a double'bond which dues not exist in the codeine molecule. 

When thebaine is hydrolysed with dilute acid, it yields 
codeinone,^ a ketone also derivable from codeine by oxidation. 
The most satisfactory explanation of those reactions is based ii'i 
the assumption that thebaine is the ether derived from the 
enulic foim of codeinone:— 


It—OH(OH) K—CO 


Oxidation 
->- 


B-OHg 

Oodeine. 


B—~CHji 
Codeinone. 


B—C—OH B—C~OCH, 

^drol yala j 

E—CH . li—CH 

Enolio form. Thebaine. 


This view is in agreement with all the facts; and can be applied 
to either of the codeine formulae given above. 

^ Rnorr, Per., 1906, 88,1409; Feeund, tdid., 844. 
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5. Qla-udiM, 


The connection between the isoquinulinc and the phenan* 
thiene alkaloids is clearly brought out by the conversion of 
laudanosine into glauoiue. Nitration of laudanosine produces 
sitro-laudano 8 mo(l.) which is then reduced to ainino-laudanosine. 
Thu last substance is then diazotized; and when the diazo- 
deiivative is heated with copper powder, racemic glaucino (II.) 
is formed, which can be resolved into optical antipodes by 
means of tartaric acid. 



OCH 3 

Nitro-laudanosino. 

(I.) 


CHa N.lCHj 

CHgO- 

CH3O—\ yV y'CHg 


CHjO- 


V 


OCII 3 

Glnucino. 

( 11 .) 


6. Tlte Relations between the Isoguinoline and Phmanthmiu 

Alkaloids. 

There are certain similarities in the structui^s of the 
isoquinoline and phenanthrene alkaloids which are apt to 
be overlooked when the various substances are considered 
individually as we have done in the preceding pages; and it 
seems advisable to point out here some of the resemblances 
which can bo detected.* 

In the table on p. 167, some of the formulse are collected 
together. In the first place, an examination of the structures 
of naiceme, laudanosine and papaverine will show the step-by- 
step change from the open-chaii grouping of the amino-chsin 
in narceine to the closed and unsatumted pyridine ring in 
papaverine; and it will also reveal tlie identical distribution of 
the hydroxyl radicles in the three molecules, although the 

* I am indebted to Professor OoUie for notes on this point. 
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outward rescrablanco is masked to some extent by the substitu¬ 
tion of a methylene ether radicle in narceine for the dimethoxyl 
grouping common to the others. 

Comparison of narceine and hydrastine brings out the 
alliance between the two substances; for the carbonyl and 
carboxyl groups in the former compound become converted 
into the lactonie ring of hydrastine, at the same time as the 
open chain is contracted into the piperidine ring. 

In the case of laudanosine, glaucine, theboine and morphine, 
the main skeletons are obviously identical, and the change 
from the one formula to another is accomplished by a pre¬ 
liminary closing of a ring between two benzene nuclei, followed 
by a second ring-formation by elimination of water between 
two hydroxyl groups. 

Tlic inter-relations between papaverine, berberine and 
isocryptopiiic chloride can bo seen by insiioction of the formulas 
on opposite page. 

It has not been thought necessary to do more than give 
those examples, for the resemblances between other analogously- 
constituted alkaloids can easily bo detected when attention lias 
been drawn to the matter. 
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G.—-Thb Pubinr* Gboup. 


1. 77te Synthesis of Uric Acid. 

Tho problem of the constitutions of the purine derivatives 
has proved one of the most complicated chapters in the history 
of modem oi^nic chemistry; so complicated is it that wo 
cannot devote space to any historical treatment of tlie matter, 
but must confine ourselves as closely as possible to the actual 
proofs of the constitutions of some of the purine series. 

The most important member of the group is uric acid. This 
substance ^ has been synthesised in a variety of ways; but for 
the most part the syntheses throw no very clear light upon the 
constitution of the bod>. We may describe very briefly two of 
these synthetic methods of preparing uric acid, the first being 
due to Emil Fischer and the second to W. Traube. 

When znalonic acid is treated with urea, it yields a cyclic 
ureido, malonyl-urea or barbituric acid— 


NHg 

1 

HO-CO 

1 

NH-CO 

1 

CO 

CH2 = 

1 1 

flHjO -f. CO CHj 

1 

NHa 

HO-CO 

j 1 

NH-CO 


Barbiturio add. 


If barbituric acid be treated with nitrons acid, the methylene 
group is replaced by tho isonitroso-radicle in the usual way, 
giving uS(Oximido*malonyl-urea, which is also called violuric 
odd; and on reduction of this substance the oximido group is 
converted into an amino-radicle, producing amino-malonyl-urea, 
or uramil— 


NH-CO 

djO d’Ha 

I 1 

NH-CO 
Barbitario acid. 


Nff-CO 


N^-CO 


CO C: NOH CO CH.EH* 


I 

SH-CO 

Tiolnrio aoid. 


I 

KU- 

Ummll. 


[—do 


* This, like many other ohemioal terau. ia what Ijeiwie Oatroll dadoed as 
a portmanteau word; It is derived from the two words purttm uricum. 

1 Horbaosewskl, Monotah., ISSa. 8. 796; 1886, 6, 866; 18S7. 8. 901, 684; 
.Ahrend and Booiw, Ber., 1868, 91,099; ilnnaZen. 1889, 861, 385; Tnube, 
' Ber., 1900, 88, 1371, 8086; Fischer and Aoh, Ber., 1896, 38, 3478; Fischer, 
Ber., 1897, 80,669. 
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' On treatment with potassinm cyonate. uramil takes up cyanic 
acid and is changed into pseudo-uric acid— 


NH-CO 

I : 

CO GH.KHs 

1 I 

NH-CO 

Urttmil. 


NH-CO 

CO 6h.nh.co.nHj 

! 1 

NH-CO 

Pseudo>urlo acid. 


It is very hard to extract water from pseudo-uric acid, but 
this can be done by heating it with molten oxalic acid or by 
boiling it with hydrochloric acid. Under these circumstances 
one molecule of water is lost and uric acid is formed. Uric 
acid should therefore have the following constitution 

NH-CO 

CO CH-NH\ 

I :co 

NII-O N" 

* 

its property of forming salts could l)e ascribed to the 
existence of an enolic form, sucli as— 

N=O.OH 


: ! 

110. C C-N;,. 

II II ^C.OH 

N-c— mi/ 


It is more usual, however, to consider uric acid to exist in 
the isomeric form— ' 

NH-CO 

I I 

CO C-NIK 

i II >0 

NH—O -NH/ 

Uric acid. 

The second synthesis takes as its starting-point the conden¬ 
sation of urea with ^anacetic acid, which takes place under the 
influence of phosphorus oxychloride— 


NHj HO-0:0 

• 

NH-CO 

f 1 

do CHa 

NHa CN 


1 

CO CHa 
' 1 

NHg CN 

Cyanaeetyl-wea. 
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Caustic soda causes cyanacetyl-urea to undergo an intra¬ 
molecular change by which it is converted into amido-uracil— 

NH-CO 

I I 

CO UH 

I II 

NH -C-NHg 

Amido-nraoQ. 


When this is treated with nitrous acid it gives a nitroso 
compound which can bo induced with ammonium sulphide to 
diamido-urocil— 


NH-CO , 

I 1 

CO O.NO 

' II 

Nil- C.NH 2 

Nitroso oomponiid. 


NH-CO 

I I 

CO C. NHa 

J 

NH-C.NHj 

Dip.mido-uracil. 


The next step is to treat this diumido-deiivativo with caustic 
potash and chloroformic ester, by which means a urethane is 
formed— 


NH-CO 

I I Cl.COOEt 

CO C.NHj - ^ 

I 0 

n;i-c.nh2 

IMamido-uraoil. 


Nil CO 

I , 

CO C.NH.COONt 

■ II 

NH- C. NHg 

Dlamido-nracil urethane. 


By heating the sodium salt of this substance to 180°-190'’C. 
the sodium salt of uric acid is obtained. 

By adapting this last synthesis we can obtain many uric 
acid derivatives; for we may use* substituted ureas instciid of 
the parent substance, or we may replace the urea by giiauidine, 
or, lastly, we may discard the chloroformic ester in favour of 
foimic ^tcr. 

Before leaving the question of uric acid w'e must glance 
for a moment at the behaviour of that substance when treated 
with various oxidizing agents. 

When the oxidation is carried out by means of cold nitric 
acid, the six-membered ring of iiiic acid remains intact, while 
urea is split olT. The oxidized ring which remains can be 
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derived from mesoxalic acid and urea; it is termed alloxan, or 
mesoxolyl-urea— 

NH-CO NH-CO 

dlO C-NH\ CO CO HjNv 

I II >0 II >0 

NHC-NH/ NH-CO llaN/ 

Uric acid. AUozan, Uroa. 

If, on tlie other hand, wo use alkaline potussinm pernian- 
ganato solution as our oxidizing agent, the fivo-membe^ ring 
remains unbroken, while the six-membered one is destroyed. 
The first products in this case are two substances, uroxanio 
acid, CsHflNiOe, and oxooic acid, C 4 HsNa 04 , which are further 
' oxidized to allantrnn— 

NHj 

I 

CO CO 

I 1 

Nil -Clf 

Allantoin. 

With hydrogen pen)xide the sodium salt of uric acid yields 
a substance of the formula C 4 H 4 N 4 O 4 , tetracarbouimide, which 
acts as a weak tetra-basic acid; on this aoconut the following 
fonnula has been tentatively ascribed to it:— 

NI£--CO—NH 

CO 00 

I 

lIlH-CO-NH 

2 , Thi Synthesis of ThettphylliTie. 

If in the uric acid syntheses wo substitute symmetrical 
dimethyl-urea for the parent substance, we obtain in the end 
dimetbyl-urio acid— 

CIIg-N-CO 

do I? - NH\ 

fi )co 

CHs, -N-C-NH/ 


-NH\ 

)C0 

--NH/ 
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AVTien thiH is treated with trichloride aud oxychloride of 
phosphorus at 150'* C. it is converted into a substance chloro< 
thcophyllin, one atom of chlorine replacing a hydroxyl group. 
Chlorotheophyllino must, therefore, liavo the following con¬ 
stitution : 


CH, N-00 

I : 

00 0 NH\ 

11 ^0.01 
CHg -N - 0 -N- ^ 

By reducing with hydriodic acid, theophylline' is formed— 


CHa -N-CO 

i ; 

00 0 -NHx 


CII 3 


II 

..N- 

Tlioophyllinc. 


^CH 


3. TIu SynUbCifis of Gaffdnc. 

Oiiffeincis obtained by the action of methyl iodide upon 
theophylline. Its constitution is therefore cxpi-essed by— 

Oils X-CO 

I 

.. CO 0-X\ OHg 

' II 

CHg - N-0- n/ 

Caffeine. 


4. The Synihesia of Theobromine. 

If wo take os a starting-point the dimethyl-uric acid which 
has the constitution (I.) shown below, and treat it with 
phospl^onis oxychloride, we shall find that it gives chlorotheo- 
bromiuo (II.), which, on reduction with hydriodic acid, yields 
theobromine (111.)” reactions are parallel to those which 
lead from the isomeric dimethyl-uric acid to theophylline— 

‘ Fiflohor and Aoh, Bor., 189S, 88, 3185. 

* Ibid. 

* Fincher, JJer., 1897, 80,1880. 
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NH-CO 

i NH-CO 

CO C-N--CH 3 I 

;i II >c.Ci 

OH 3 -N-0 -NH CH 3 - N - - C -N<^ 

(1.) (II.) 

NH-CO 


do C- Nc CH* 


CO C-N.CH, 

II >h’ 

CHj-N —0 -N^ 
Tbflobromiuo. 

(HI.) 


5 . Tfie SyntImU of Purine. 

When the yucliiini sull of uric acid is timtcd with 
oxychlorido of phosphorus it yields a liydFoxy-dicliloro-puiiiie 
of the following formula;— 


N=C. Cl 


Cl.C C-NH 

■ I V-O” 

‘ I ^ 
if -C- N 


This, by menus of trichloride of phosphorus, cau be changed 
into a trichloro-derivative, the third hydroxyl group being 
replaced by a chlorine atom. The substance thus formed, 
trichloropurine, is then treated with liydriodic acid at 0° C., 
whereby di-iodopurinc is produced. Tliis, by reduction with 
water and zinc dust, gives purine itself— 


N= 

1 


"C.Gl 
C- 


01. (J C-NH 
i ' ^C.Cl 

Lc-/ 

Triohlotopuriae. 


N- 

I 

I.O 


= 0.1 

C-NH 

^CII 


j: 

N- C-N 

Di-iodopurine. 


N 

CH 

It¬ 


ch 

I 

C-NH 

1 >“ 
-C-N 
rurino. 


Purine is the substance to which all the substances of the 
purine group are usually referred; tlie derivatives being 
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distinguished by means of the system of num1)ering shown in 
the following scheme:— 


(1) («) 

N.-C 

I 

(2) 6 (5) 0 

: 1 

X c 

(3) (4) 


(7) 

- X/ 
(«) 


;C(8) 


/ 


According to this, the substance xanthine Is 2, G-diliydroxy- 
purine; thuopliyllino would be 1,3-diinethyl-xanthiue; caffeine 
would be 1, 3, T-tidinetliyl-xaulhine; theobromine would be 
3, 7-dLmethyl-xanthinc; and irn'e acid 8-liydroxy-xanthiiie. 


H. —Tub Olvoxalink i;uoui’. 


In recent years a fresh nucleus, glyoxaline, has been 
detected among the basal substances of some of the alkaloids, 
rilyuxaline itself is inetamoric with pyrozole: and it may be 
regarded iis a ]>yn'ol nucleus wherein one of the metlnne 
radicles is rejdaced l)y a uiti-ogen atom. 

The parent substance of the glyoxaline group may be 
obtained by condensing together glyoxal, ammonia, and form¬ 
aldehyde 

enu 'XHg CH-X 

I + + 0; CH 2 —II /CII + IlHijf) 

niro X1I3 cii xiK 


It may also be produced by oxidising bensimidazolc with per¬ 
manganate and then heating the dicarboxylic acid so iurnuid- • 


A 

V 


N IIUOC.O- N 

;ci£—> i 

NH/ HOOC.O-Nll/ 


H.C -N. 

CII II 

h.u-nh/ 




An examination of the purine structure will show that it 
may bo regarded us containing a glyoxaline ring condensed 
with a pyrimidine nucleus; so that the purine derivatives 
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luay bo cuiiaidurcd os partly derived from glyoxalinc: but it 
ifl not necessary to lay too much stress upon this relationship 
since the uric acid group is sufficiently distinct to permit of 
its being regarded ns a class by itselC 


1. Th& ConstUidion of PUonarphie. 

Pilocarpine occurs in jaborandi loaves in conjunction with 
several related alkaloids: pilocarpidiuo,^ isopiluenrpiuc,^ pilo- 
siiio,’* ^-pilucurpine,^ and ^-jahurino.* The general structure of 
pilocarpine has been establLshed in the following manner:— 

The coniposiliou of pilocarpine is G|illi 2 N 2 *^^S’ Although 
it contains two nitrogen atoms it does not yield an amide with 
acetyl chloride; so it is clear that both nitrogen atoms must 
be tertiary ones. Oxidation^ with permaiigiuiate produces 
from pilocarpine u mixtiiro of methyl-uroa, homupilo]dc acid, 
and pilopic acid. As pilopic acid is derived from liomopilopic 
acid by furtlier o.xidation, it will be best to examine first the 
constitution of homopilupic acid. 

Homopilupie acid is a lactonic acid, containing one lactone 
ring and one free carbo.xyl radicle. Kj'om the stability of the 
lactonic structuro, the substance is evidently a y-luctoue. Its 
composition is ChHis^V 

AVlieii fused with caustic potash, homopilopie acid gives 
«-etliyltricarballylic acid:— 

9 

(JgHo cooil 

HOOC-CH-CU-Cllg (X)01[ 

This substance must arise from a hydroxy-acid by the action 
of tlie potash; and for this liydroxy-.icid throe forniulie are 
possible, from which wo must select the correct one:— 

‘ Hamack, Annalen, 1887,238, 230. 

* Potit and Poloiiowaky. /. VlMmi. Clivn, (vi.), 1897, 6,370, 430 ; 6, 8. 

1 Pyman, Proc., 1912, 28, 2C7. 

* Potit and Polonowsky, C'Arm. Zentr., VSffI (i), 1126. 

* Tho Bupposod alkaloid jaborino appears to bu a mixture (Juwott, 2Vans., 
1900, 77.474, 861; 1901, 7B, 681.1331). 

» Jowott, ZVows., 1900, 77,474,853; 1901, 76, 581. 1381; compare Pinner, 
Ber., 1000,88,1424. 2537; 1901, 84. 727 ; 1902, 85. 204, 2443; 1905, 48. 1610, 
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j 

110.0FI-. CM . CH. CIL. COOir IlOOC. OH. OH. CH^. COOH“ 

I 

OOOH OHaOH 

0.) ai.) 

I 

IIOOO.6ll.CH.OJF2.CHa.OH 

OOOII 

( 111 ) 


Now pilopic acid appears to be derived from liomopilopic 
acid by Iohs of carbon dioxide and oxidation of the carbon 
atom whicli carried the destroyed carboxyl radicle. Of all 
the pos.sible y-luctonic Ibrtnulic dcri\(^d from the three acids 
sliowii above, only two can fulfil tFiis coi dition— 


Calls 

CH--Oir.OHa.COOH 

6 h 2--()-00 

(A) 

The cun'csponding formulae fur 
be— 

Oalla 

I 

Ci[-OH. COO FI 

dUa 0-60 
(a) 


C 2 H 6 

(ill- CH.CIFb.OOOFF 

CO-0-CJI2 

(H) 

pilopic add would thei’efure 

C,H, 

OH CH.C(H)11 

I 

CO-O-ClHa 

(b) 


Now, owing to tiie fact that in (a) there are two carboxyl 
radicles (one in lactone form) attached to the same carbon 
atom, wo should expect such a compound to lose carbon 
dioxite easily on heating as malonic acid does. Pilopic add, 
however, is stable even at 200° 0, It seems most probable, 
therefore, that pilopic acid has the formula (b); which leads 
us to tlie formula (B) for homopilopic acid. 
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By this reasoning, pilocarpine itself must contain the 
skeleton 

CairB -CH —CH OH2 -O 

I 

CO CII 2 

in addition to a group C 3 TT 5 N 2 , whiuli disappears cf)inpletuly 
on oxidation. Witli regard to the structure of this l.^qt com¬ 
plex wo mu.st look fur further evidence. 

Wlicu derivatives of glyoxalinu nxe allowed to interact 
with alkyl halides, amincminni coinpounds are funned which 
break down under the action of caustic potash, yielding 
primary aminos. Now when pilocarpine is submitted to this 
series of rcaetions, it gives rise to equimolecular quantities of 
inetliylainine, methyl alcohol, ami C 7 H 7 .NH 2 . pins two<molu- 
I'lilar proportions of formic sicid. Tliis dccnm])osition can bo 
accounted fur by assuming Ihiit its methyl iodide addition 
pitMliict is triinsforniiMl by ciuistio potash into an ammonium 
hydroxide of the following siriictnin:— 


oil 

I 

c.Ji,-N—cir... 


^(!ll I- 41I.Or-.(JlI,Nir, + (MI,Nil* -I UH,()1I -I- 2HC001I 

Olt — 

ClI, 

Thus pilociir])iue itself may have ono of the following 
structures: — * 

Clf, on, 

c,ir,,o,.o —N, o,ii„o,.u—N.V 11.(!—L, 

\Clt ! \('II '-C.C:H„0, 

■rr -vi ' Tf rfi VT' IJ i I Xf 


It.C-N 


H.U 

I 

OH, 


H . 13-N 


Tlie exact consli'ution of pilocarpine is not yet defined; 
but as far as lliu evidence at our dispo.sal i.s concerned either 


* It iri a-oNumiul thftt tho unioa botveon tlio glyoxalioc group aod thn rost 
of tbe moleculo is originally through enrbon, n wandering of the liomopilopic 
group taking place to the nitrogen during the docompoRition. 

N 
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tlie formula proposed by Pinuer and Scbwarz* or that sug¬ 
gested by Jowett^ sufficos to account for the reactions of the 
compound— 


-CH -CHj5 --C—N-Cffo 

I ! >0“ 

CO CHa 


OH X 


0 


/ 


Piniior’et formula. 

(jjHg—CH-CH--OHa 0.N 


CO ClTa 
/ 

Jowott’s formula. 


i 

CH-N- CIT, 




2. iHoinlocarpitte ami Pilomu. 

Tho oxidutiuii of pilocarpine and isopilocorpiuo gives rise 
to the same products; which shows that the two suh.stauces 
ara closely allied in structure. Tlicir chemical proi>ertie3 are 
also very siuiihir; and the absorption spectra of their nitmtos 
aro idciiticiil.^ Further, pilociirpinc and isopiloenrpine, wlien 
treated with alcoholic potash, are both convorteil into an 
equilibrium mixture containing cliietly isopilocarpine. From 
evidence of tlii.s kind, Jewett'* i-eganls i.sopilocarpine ns a stereo¬ 
isomer of pi1or;.arpinc; and this view appeal's to cover all thu 
more important reactions of the alkaloids. 

The constitution of pilosine has been investigated tiy 
Pyman.'* He finds that on distillation with potash solution it 
yields bcnzaldehyde and a substance called pilosinine, which 
closely resembles pilocarpine in physiological action. He 
ascribes to tlio two substances the following structures:— 

t 

‘ Piimor and Schwarz, Iter., 85, ii441; l^bijer, ibtiZ., IfJOS, 48,1610. 

" Jowutt. Tnvut., I'.iOS, 83, Hi; ItXXi, 87, 7'*)4; Pymau, Trans., 1910, 87, 
1814. 

> Dobbio, cf. Hartley, Prtm. dhetn. Sue., 1903,19,129. 

« Jdwett, Trana., liXlS. 88, 438; 1906, 8?, 794. 

* J'yiiian, i'roc., 1912,88, 2G7. 
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CgHg.CHOH. OH-C ^N-CH. 


CO ClI. 


CH-N 




Piloaino. 


cir,—on cn,-o---}r--CHj 

!i 

CO CH, CH -N 


0'^ 


Pilosiulne. 


3. 77/-C SyjUlmk of Histidine. 


]5y heatiiifj together potassium thiocyanate and the 'hyilro- 
chLoride of diamido'acctone, aniido-iueUiyl-glyoxaliDe mercap¬ 
tan is produced; and when this is added to dilute nitric acid, 
it yields 4-liydroxymothyl-g1yoxaline (I.) which fui*ms the raw 
material of the histidine syiilhesis.^ Oxidation with chromic 
acid converts it into glyox'«iliue formahiehyde (II.)— 

Oil Nir, Oxiflatioii CH-NHv 

II ^CII -^ II 

HO.CHg.O 0110.0- 

(I.) (ir.) 


By means of acetic anhydride, tiie formaldehyde derfvative is 
eondeiisud with hippnric acid to form 2*pIiouyl-4-[]-acetyl-gly- 
oxaline-l-methyliflino]-o.vazolouo (III.):— 


CH-NJrv 

(jo—Nils li ^ 

\OH,+OCIT.O- 

HO—CO/^ 

Hippnric acid. (II.) 


0,11, 

CIt->. (J -N. 


CO. OH, 
ClI—k 




^C=GH.C— 
0 - 00 / 


(HI.) 


‘When this oxazolone derivative.is boiled with very dilute 
sodium carbonate solution, the acetyl group is split off and 
the oxazolune ring\>pens. If, now, the calculated quantity of 
an acid be added, the compound (IV.) results, fieduction of 


Fyman, IVaiM., 1916,109,186. 



i8o RECENT ADVANCES IN ORGANIC CHEMISTRY 


this produces bonzoyl-histidine (V.) from which liistidine itself 
is obtained by hydi^olysis— 

CH 3 .CO 

CaHs ■ I 

I on N. 

(III.) C —N. II >011 

I >C= 0 H . 0 — 

0—OO'^ I 

Na, GOj ^ and acid. 

OH -NIL 

OaHa.CO.NH. || >011 

(IV.) > 0 = 011.0 N<^ 

IIOOC/ 

'I' reduction. 

OelffiOO.NH OH-Nl£v 

I I >CH 

(V.) OlE CII 9 0 - 


KouzoylliiKtidino. (KlOlf 

NII2 

I 


>1' hydrolyHiit. 


OH NH 


Histidmu. 011 -011 2 0 

I 

OOOll 




I.—SoMK Derivatives of Kroot and tueir Allies. 

Thu t^aininatiou of ergot lias resulted in the discovery in 
it of numerous compounds of physiological interest, for several 
of its products have marked intluence upon the blood pressuD 
system and in other dii'cctions as well. Though all the sub¬ 
stances with which w'e aro about to deal are not strictly 
alkaloids within the doQnition which was given at the beginning 
of this chapter, it seems desirable to strain a point and include 
them in tliis survey rather than omit to mention them on 
grounds of mere punctiliousness. 

Tauret ^ discovered an active principle ^n ergot; but it was 
not until further work had been done by Barger and Garr^ 
that the composition of the materials was made clear. The 

* Tauret, Compt, rend., 1876, 81,8U6; 1878, 86,886; Ann. Cnim. Phys., 
1879 (7.), 17, 493. 

■ Barger and Carr, Tram., 1907, 81. SSn, 
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last two authors isolated two substances, ei^otoxine, ^35^41^8^8 • 
and ergotinine, C 35 Hj| 905 N 5 . It will be noticed that ergotoxine 
contains a molecule of water moro than crgotinine; and subse¬ 
quent investigation^ proved that ergotiuiue is tho lactone of 
‘ ergotoxine, which is therefore a carboxylic acid. Both 
ergotoxine and crgotinine give on destructive distillation 
isobutyryl-formamido, ( 0113)20 H . CO . 00 . NH 3 . Beyond 
this, nothing definite is known as to their constitution. 

Further examination of ergot ^ brought to light another 
physiologically active substance, j^hydro.xy-phenyl-otiiylamino. 
Tliis compound is also found in putiid meat.” It has been 
synthesized by the reduction, witli sodium and alcohol, of 
^-hydroxy-pheiiyl-acotonitrilc: - 


CH2 ON -> 


-CHo 


OIT2 -mi. 




It has also lK'.en obkiincd in even better yield by acting on 
anisaldehyde, OlIsO . . (JIIO, with iiiLroniethune to form 

CH 3 O.OGH 4 .OH: OH. NO 2 , which is then i-cduced to tho aiiiiuo. 
Demethyhitioii of the inetlioxy-group completes the process.^ 
Thu structure of this siibstaiiee is interesting, since its 
skeleton occurs in adrenaline,''' the active principle of tlie 
adrenal gland and also in liordeiiine,” which is pL'Osontin Ijarlcy— 


HO 


HO 


^--CH(()JI) C]r,.NJtI.C}fa 

Adrenaline. 




llordotiino. 


Yet another active substance^ was found in ergot: 4-/‘i- 
amino-cthyl-glyoxalinc, which is obviously closely related to 
histidine— 


* Bargor and Tlwinn, 97, 284. 

” Bargor, Trans., I'JOC, 86,1123. 

’ Bargor and Walpolo, J. l*hyaial., 1909, 88, SIS. 

* Kosentnund, lier., 1909, 48, 4778. 

* Jowott, Trans., 1904,86,192. 

* L4gor, Compt. rend.. 1900,148,108; 148, 284, 910. 
^ Barger and Dale. Trans., 1910,87, 2592. 
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-O.CH* 

CJ1[ 

\ I 

NJI-Cll 


.GH2 


4-/3-amino*otbyl-glyoxAUne. 


/N—C.CIfg.CH.COOH 

cii r I 


\ 


NH-CII 


NH2 


Histidine. 


finally, a subfltauce agmnline^ lias been extracted from 
ergot; and it is found tliat it is related to the naturally 
occurring amino>acid arginine in exactly die same way as 
the glyoxaline derivative mentioned above is related to 
histidine— 


Agmaline NH : C(NH2). NH. (OH2)8. Clh. NH* 
Arginine Nil: CCNIIj). Nil. (dials. CH. COOH 

NHa 


It may be well to give the syntheses of iulrenaline and 
hordenine, since both tlioiso substtinecj are of interest not only 
on account of their physiological properties but also owing 
to their structural relationship to the ei'got deiivativos. 

Adromlino has been synthesized in the following way.^ 
Catecliol is trealtxl with clilorucetyl chluridu to jiroduce 
clilorocctyl catechol (L). The action of uiethyliiinine converts 
this into the ketone adrenaloue (l£.), wliich can be reduced 
electrolytically, or by the use of alumiuiiim amalgam, to 
adrenaline (HI.)— 

CO. Cllf. Cl CO. CHa. NH. Clla CH(OII). CHa. NTI.CH 

I I I 



Cblorooetyl catochol. Adreualono. Adionaliiie. 

(1.) (11.) (HI.) 

» 

Another method takes as • its starting-point protocatechuic 
aldehyde. Thi.<* is subjected to the cyauhydrin reaction and 
the cyaiiliydrin so formed is reduced to an amino. Methylation 

* Engeland and Kubiohar, Zenif. PhyAoU, 1910,94,479. 

* Stole, Her., 1904,87,4149; Dakin, Ptve. Hoy. Sec., 1906,78 (B). 491. 
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of tlie amino'gronp yields adrenaline. The compound formed 
in each case is the racemic base, from which the antipodes can 
lie obtained by resolution of the tiirtrates. 

Since hordenine is the dimethyl derivative of p-hydroxy- 
phenyl-ethylamine, it mi^rlit be supposed that the latter would 
be used as a starting-point in the hordenine synthesis. Owing, 
however, to the readiness with whicli hordenine, when formed, 
passes into the tetra-alkyl ammonium salt form, it is found better 
to set out from phenyl-ethyl alcohol. This substance is con¬ 
verted into the corresponding chloride which, when treated with 
dimethyl-aniline, yields the base C0lf5 . CIf2 • • ^(^^3)2- 

The missing hydroxyl radicle in the para-position is introduced 
by nitration, reduction, and diazotization in the usual manner. 
Anotiier method consists in the methylation of p-methoxy- 
piieiiyl-ethylnmine followed by the action of hydriodic acid 
which splits off the methyl radicle of the metlioxy-gioup. 

With legai-d to the efl'ect of structui-e upon physiological 
])ro]iCrtius, it is interesting to note that the conversion of tlie 
alcohol adrenaline into the ketone ailrcnalone does not destroy 
the physiological activity; nor is the presence of the methyl 
radicle attaclicd to the nitrogen atom essential. One liydroxyl 
iiidicle in the l>eiizoiie niielciis appears to bo suirideut. A 
marked inllucuce is exerted by the introduction of a methyl 
radicle in the «- or /-i-positioii; fur compounds contiiining this 
grouping arc much loss active than the parent substances. 
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1. Thtroductory. 

WiiKN WQ cx<aiiiiuo tlio contents of the cells from which living 
tissues nre built np, we find that they are for the most part com¬ 
posed of nibuiniiions bodies of extremely complicated chemical 
chanicter. These albumins are distiluaiishcd from all the other 
naturally occurring substances by the fact that aiiiuial life may 
be supported upon them alone in coiij.inctiou with water and 
salt; whereas fats and carbohydrates do not in themselves 
furnish nouiishineut suflicient for the snp}X>rt uf animal 
functions tor an indelinile period. The importance of the 
albntnins from llu} pliysiolugieai point of view, therefore, can 
hardly be over-estimated; while from the chemical side they 
fnriiisli one of the most dilKcnlt and complicated problems 
which the organic chemist has yet attacked. 

The diificuUies of the reseai'ches which have been carried 
out ill this branch of organic chemistry can hardly be over¬ 
estimated. In the first place, many alhiimius arc iion- 
cr)'stalliue suhstniices which require special trcatmeni hufom 
they can be obtaiueti in crystalline form; this, of course, makes 
it very difficult to determine the state of purity of ai.y s^iecimeu 
under consideration. Secondly, the extreme sciisitivenoss of 
albumins to heat, acids, or alcohol renders them very liable to 
1)6 altered during the progress of the ordinaiy chemical reac¬ 
tions. Again, the molecular complication of these substances 

' A complete sot of roferonooa up to 1906 will found in a leoturo by 
Fischor {Ver„ 1906. 89, 530). Soo aim Fischer, Dtr.. 1906, 89, 9893; 1907, 40, 
1768,3704; 1908, 41, 650, 2860; Fischer and Kiinigs, Ber., 1907, 40, 2048; 
Fiaohor aud Sohuleo, ibid., 943; Fischer and Oerngross, Her.. 1903, 48, 1486 ; 
Fisohor and Luniak, ibuJ., 4752. Fischer’s papers have been reprinted in his . 
book DU AminoadurcH, PtAypapUde mid Proteine (19U6). 
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must he tremendous, if we are to judge from molecular weight 
determinations: egg albumin has been estimated to have a 
molecular weight of nt least 15,000, according to the results of 
the freezing-point method.* 

Ill the foregoing ehaptcrs we have dealt at some length 
with the constitutions of various compounds, and it will be 
remembered that there are two general methods oE investigating 
the constitution of any given substance. We may fittock the 
question from the synthetical side or from the analyticiil xmint 
of view: in the first case wo study the geneml properties 
of tlie sulistance, then ask ourselves in what way wo can 
build up a Tuolecule whose reactions will resemble those of 
the one we arc examining, and having synthesized this body 
we com])are its i-cactions witli thosu of the original; in the 
analytical method, we take the molecule to piccos in various 
ways, and isolate a series of <lecoiiix)ositinu jiruducta, from 
which we eiidoavour to guess the manner in which they were 
arranged in ilic original niolocule. Now, in die case of the 
albumuis, the first line of research turned upon the analytical 
results. This was to be foreseen, foi* it seemed almost im- 
pussililo to build up muloeulos of such extreme complexity. 

TI 1 C oxidation of the allniiniiis cannot he said to havo 
yielded results of any great interest; the major part of our 
knowledge of these bodies has heoii obtained by means of 
hydrolysis ivactions. When ferments are allowed to act upon 
protein tlerivatives, Iho Inxlies first formed are albumosus and 
peptones. Thu intermediate compounds can l>c further broken 
down into amino-acids. Hydrolysis by means of alkali takes 
place mure ruiiidly; while acids decoinxioso the albumins most 
easily. It is elms made clear that the substances lying at the 
base of the ttlbuniins belong to tlie class of amino-acids; and, 
further, that these acid nuclei are linked together in some way 
which allows them tit be sexxirateii one from another by moans 
of hydrolysis. Tt is evident that amide-formation is the most 
probable method of uniting the nuclei; and from this point of 
view Fischer took up'tlie work of synthesizing some impounds 
which, while not themselves of the protein class, would show 
sufficient reaeinblojice to the naturally occuning substances to 

* Owing to tho colloidal nature of the albumins, it is unsafe to place too 
much reliance on tho exactitude of those results. 
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allow ufi to deduce the probable constitutioii of at least part of 
the albumin molecule. 

To dcsotibe these syntbetio substances, I'ischcr proposed the 
name PolypeptidcHl* by which he intends to denote those 
compounds which are derived from two amino-acid molecules 
by the elimination of water. A few polypeptides have been 
obtained by the hydrolysis of proteins, but by far the greater 
number are synthetic. We may now give the outlines of tlio 
methods employed by Fischer in his researches. 

2. Methods of Si/ntlimzinff Polypeptides. 

As a first step in polypeptide syntheses, it was necessary to 
obtain mono-amino-acids. This Fischer did by means of tlie 
ordinary nictliods—action of ammonia on the esters of bronio- 
fatty acids or by Strackur’s cynnhydnn method (addition of 
hydrocyanic acid and ammonia to an -ddehyde and hydrolysis 
of the cyauhydriii thus formed). Now, having obtained those 
acids, another problem piesents itself. If wo combine together 
two racemic acids we shall liave not a single reaction product, 
but a mixture of two now racemic substance.^. For instance, 
if wc start with racemic alanine and racemic leucine, wo should 
produce a mixture of the four isomers— 

r/-Alauine-^-lcucina d-Alauino-/-leiicino. 

/-Alonino-Meucine. f-Alaninu-fMoiicino. - 

The two substances in the left-hand column then combine to 
forui a ruGumio substance, and the two in the right-hand column 
to form another racemic compound, so that we sliould have two 
new bodies instead of a pure compound. And, of course, if m 
coupled together more than two racemic acids we should find 
the number of stereo-isomers in tlie product increased in like 
manner. This evidently thraw considerable difficulty in the 
way, and to avoid it Fischer resolved to use iu his condensations 
optically active acids only. By this moans he excluded the 
possibility of racemic compoitnds being formed, so that from one 
pair of amino-acids ho obtained only a single reaction product. 

This did not clear the experimental difficulties away, how¬ 
ever-; it only carried them one step further back. For, owing 
to the very weak acidity of the amino-acids, resolution of these 
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sabstances into their optically active antipodes by salt-formation 
with active bases was by no means an easy task. Fischer 
evaded this difficulty in turn by one of his usual simple artifices. 
He bonzoylated the amino-group of the acid, and thus reduced 
its l)asic properties to a miuiiuuiu; thereafter, resolution into 
the opticfli antipodes presented no difficulty, and after this hod 
been accomplished, the benzoyl radicle was split off and the 
optically active amino-acid remained. 

I. The first method employed by Fischer in the actual 
synthesis of polypeptides depends upon the elimination of a 
molecule of alcohol from two molecules of amino-ester— 

NHa . CHa . COOEt -h NH* . CH*. COOEt 

= Nlfg. CIIj . CO . NH . CHg . COOEt + EtOU 

Xow, it will be scon at once that if wc applied this method 
as given al)ovu to a mixture of two different amino-acids, it 
would be sheer chance that would govern the production of the 
end-product. For example, if we wen; to combine together the 
two esters (A) and (11) we should get a mixture of (C) and (I>) 
in the reaction jncduct— 

(A) NJIg.CIIg. COOEt 

(H) Nllg.on. COOEt 

Cilj 

(0) NlI,.CH,.OO.NH.CH.COOKt 

(Ijh • 

(D) NHa. CH.CO. NH.CHj*COOEt 



This difficulty in its turn wa.s overcome by Fischer in a very 
simple manner. Jlefore condensing the two su1>stauces together 
he allowed one of them to react with ethyl chlorocarbonate, 
wliich acted upon tlie amino-graup and protected it from 
further attack— 

Cl. COOEt + NIlj.. CH, . COOEt 

* EtOOC . NH . Cir,. COOEt + HCl 

When a compound such as this is heated for thirty-six hours 
with the ester of an amino-acid, alcohol is eliminated between 
the —NHa group of the amino-acid and the —CHg. GOOOEt 
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(rroup of the above substauce, whose ainino-^roup cannot react 
in this way. Thus wo know at once the constitution of the 
resulliii^ conipouud. An example will serve to make the 
nuittcr clear. If we start with the substance glycyl-glyoine,* 
and treat it with chloro-carbonic ester, we shall obtain the 
substance shown below, glycyl-glycine carboxylic acid ester— 

KtUOC . Cl + Nila . Clfa . CO . NH . CHg. COOEt 

= KtOOC . NH . CHa. CO . Nil. CHo . COOEt + IICI 

When this substance is heated for thirty-six hours with 
leucine ester, ethyl alcohol is eliminated in the following 
way:— 

EtOOaNH.CH 2 .CO.N 1 hCHa-COOEt+NHa-ClI. (C 4 Ho).COOEt 
= EtOO(;.Nir.CIla.CO.NlI.CIl 2 .CO.NlI.CH{C 4 H«).COOEt 

This subslanco is the oai-hoxylicj ester of glycyl-glycine- 
leucine ; as can be seen from the formul-c, it can have no other 
constitution than that shown. This eiirl)ethoxy-glycylglycyl- 
leucine ester contains three amino-acid nuclei, and is therefuio 
called a tri-peptide derivative. 

II. The yields of end-j>roduct from the foregiiing method of 
synthesLs woie poor, and Eischer tliei’clore lurneil to another 
way of attaining his objective. When iho ester of the chloit)- 
carbouie derivative of uu amino-acid is treated with thiouyl 
chloride, an acid chloride is foniied; and tliis readily con¬ 
denses with aniino-estors, funning polypeptide derivatives. 
Eor instance, if we start again with the derivative obtained 
by the action of chlorocorbonic ester upon glycylglycinc, and 
tii3at it with thiouyl chloride, we shall produce the cld(>ridc 
whoso constitution is shown below— 

KtOOC . NH . CHj . CO . NH . dig. CO . Cl 

When this chloride is condensed with glycylglycinc ester— 

NHg . CHg . CO . NH . CHa • COOEt 

it yields the tetra-peptiile derivative, glycylglycylglycylglycinc- 
carbethoxy-cstci- - 

KtOOC.NH.CHa CO.NH.CH 3 CO.NH.CH 2 .CO.NH.CH 2 COOEt 

* Flsohor toEms “ glyoyl’’ tlic radicle HH,. Gtl,. GO—which is derived 
from glycine (glycocoll) . GH,. GUOII. 
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III. The drawback of the two foregoing methods lies in 
the fact that, so far, no method has been discovered by 
means of which we can eliminate the group—COOEt, which 
is attaclied to one end of the polypeptide chain; so tliat 
neither method can be employed to build up a true polypeptide. 
Fischer therefore devised another method by means of which 
the polypeptides themselves con be produced. Starting from 
the ester of a substance like glycine (I.) or glycylglycine, he 
treated this with chloracetyl chloride (IT.) or some similar com¬ 
pound. Hydrochloric acid is eliminated, and the two molecules 
combine together to form a compound with chlorine at one end 
of the chain (ill.). Tiie ester group at the other end of tlic 
chain is then hydrolysed very carefully, and a chloro-acid 
piodiiced (IV.), which, on treatment with ammonia, yields a true 
polypeptide (V.) — 

4 

(I.) Nira.Cirg.COOEt 

(II.) Cl. CII 2 <X). Cl 
(III.) Cl. CHg . ro . NTI. OHa • COOEt 
(IV.) 01. OH 2 . CO . NH . CHa . COOH 

(V.) NHa . CHa . 00 . Nil. Clfa . CQOlI 

The i-easoii for hydrolysing the ester (HI.) to tbo acid (IV.), 
lies in the fact that, if this were not done, an,amide would bo 
formed on tivatnient with ammonia, and the amido-group would 
be most diflicult to gfit rid of later. 

IV. A variation of the previous method may also* be used. 
If wc take the substance— 

Cl . (Ilia . CO . NH . CHa • <-0011 

which was formed in the course of the last synthcsi.s wo 
described, and treat it with pentaichloride of phosphorus, we 
convert the acul into the chloride *— 

Cl. CHg . CO . NH . CIJ 2 CO . Cl 

* Tbionyl chlorido ia a bottcr toageut than phosphorus potitiuthlorido for 
producing acid chloridcH. The reaction takoH placoncnonling to tlio oqiiation— 

. R . (Jt)OTT + SOCl, = n. GO. 01 + SO, + UOl 

from which it will be clear that the acid chloride can bo obtained pure simply 
by boiling off tho sulphur dioxide and hydrochloric acid. 
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which can tlicn bo made to interact with glycine ester, yielding 
the more complicated substance— 

Cl. CJIa . 00 . NH . CH, . CO . NH . CH* COOKt 

The roniainiug chlorine atom may thou be replaced by the 
amino-group by means of ammonia; and after hydrolysis of the 
ester group the tri-peptido glycylglycylglycine is formed— 

NHg. Oils. CO. NH. OlTj. CO. Nil. CHg. COOH 

V. Tiiis modification has been further extended. When 
amino-acids are treated witli a mixture of acetyl chloride and 
phosphorus pentaohloride, the corresponding acid chlorides are 
foiTned. These can be combined with other amino-acids, and in 
this way we can obtain polypeptides. For instance, if we take 
glycine and li'eat it as desciilied we should expect to produce 
glycyl chloride— 

Nila.CHa.COOH NH|.i Ha-CO.Cl 

This call bo condensed with another molecule of glycine, 
forming glycylglyciiie— 

NIIo . CIT.,. CO. (.1 -1- NlTa. Clla. COOH 

= NHa. CHa. CO. Nil. Clla. COOH 

VI. [f wc abstract two molecules of alcohol from two mole¬ 
cules of an a-amiho-ester, n cyclic substance is proiliiced, which 
is a derivative of ny-diketo-piperazine— 

Cn2-NH2 KtO CO CHa NH-CO 

I 4- 1=1 I + 2EtOH 

CO—OKt • HaN-CHj CO -NH-CHa 

This cyclic compound, when carefully treated with hydro 
chloric acid, can he opened out into an open-chain body, 
glycylglycine— 

CHy-NU-CO CH.-NHa COOH 

1 I + HaO = I I 

CO- -NH -CHa CO —NH-Cl f* 

Hy choosuig the n])propriate aiiiiiio-ostor *from which to start, 
a given polypeptide may be obtained in tin's manner. 

Wo cannot go into details with regard to the various 
snbBtauccB which have been synthesized by means of the 
foregoing methods, but there is one substanoo which is worthy 
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of moDtion. Fischer evontually synthesized an octadeca- 
peptide in the following manner. Starting from dextro* 
o-bromo-isocapronyl-diglycylglyciiie— 

Br. OH. CO. (NH. CHj. 00)^. NH. OH,. COOH 
C 4 H 9 

he treated this according to the fourth method, combining it 
witli ponta-glycylglycine, and, finally, exclianging the bromine 
atom for an amino-group, he obtained bevo-leucyl-octaglycyl- 
glycine— 

NHa. OH. 00. (NH. ClIj. COls • . OH,. COOK 

O 4 H 9 

This poly|K 3 ptide was then coupled witii dextro-bromo- 
isocaproyl-diglycylglycine, and again treated with ammonia, 
whereby the tetradoenpeptide shown below was formed— 

NH, .CH.CO(Nir.CH* .CO),.Nir. CH . 00 . (NII. CIl,. OO),. NH. OHj . COOH 

Ln)T(i-]euQyl-trifClyu]rMBBVu-leiicyI'i)otnKlyi*yl'i(lycine. 

By a reixjtitioii of this senes of reactions the octadeoapep- 
tide was formed, whicli hiis tlie constitution shown below— 

NIf, ClI(O^H,).00.(NH.CH..CO),.Nn.OH(0,H,).CO.(NH.CH,.CO), NH 

HOOC.CH,.NH.(OO.C14.NH)..CO.(ln.C<H, 

M«uoyl-tri(;Iyfifl-/-loncyl-trlKl)oyl^-loiicyl-(Ksti|{ly<!yl-t;Iyt'iiic.‘. 

Tliis extraoi'dinary substance ir apparently one of the most 
complicated systems of known constitution which lias hitherto 
been synthesized. Its molecular weight is 1213, while that of 
the fairly complicated natural body, tri-stearin, is only 891. 

3. Th£ BesemhlaMes letwem the Pdyiiq^tide& and the Proteins. 

We must now briclly summarize the main characteristics of 
the polypeptide class, and it may be of interest to compare them 
with those of the naturally occiining proteins. T!ie polypep¬ 
tides are solids, which usually melt at about 200 * 0 ., with some 
decomposition. They are easily soluble in water, but insoluble 
in alcohol, like some of the albumins; and instead of having 
the usual insipid or sweet taste of the ordinary amino-acid. 
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they aro bitter, like the protein derivatives. Tn dilute sulphuric 
acid solution tlicy are precipitated by pliosphotungstic acid, 
in which behaviour they resemble the albumins. Both the 
natural and artificial classes give the biuret reaction. The 
action of fermeuts, or of acids or alkalis, is the same in both 
classes; and similar products are obtained when animals are 
fed with polypeptides and nlbumin.s. lii the case of ferment 
action it is found that much dei)euds upon tlie gitiuiis which 
have been used in building up thc'polypcptide stiiicture, some 
polypeptides being much more easily fermtmted than others. 


4. The Proteins. 

In order to .see the I'esulLs of the poly^Hiptide investigations 
in their true perspective, it is iiufiossary to glance liriefly at tlie 
chemistry of the proteins. No attempt will he itnuJe to enior 
into the subject in detail, as it belongs ') bio-cheniistry rather 
thsui to pure oigaiiic clieinistry; and the desDri))tii)n of the 
properties of many ill-defined classes of compounds would merely 
prove wearisoine without adding much to the iufurinntion of 
the n'-adt-r. 

The proteins arc niLrogenoiis niateiiiiLs which comprise the 
most important portion of tlu; contents of cells in the aTiimal 
body and which also occur in plants. 'Fhey form the main 
constituents of aniimil nourishment and are thus eouverted into 
the suhsftaiices from which the organised part of the animal 
frame is constructed. It is evident that they are of the 
greatest importanci'. in vital ])rocesse.s. 

The chemical investigation of this gi'oiip of suhslaiices is 
l)esct with many difficulties, some of which are d.ue to ih-.. 
colloidal nature of many proteins, while others arise from the 
complexity of the protein .structuii'. K.vcn the classification of 
the proteins is of the roughest nature, dei)cnding uptm their 
solubility in various reagents and similar characteristics. Thus 
it is very difTicult to decide, in some cases, whether a protein 
should be placed in one clfiss or anotlrer; and this must he 
huriio in mind lest the iiomcTiclatnre should lead the reader 
to imagine that there is as sharp a distinc.tion between, say, an 
albumin and a globulin as there is lictween an aliphatic acid 
and an aromatic alcohol. 
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The albumins, of which white of egg is n common 
example, are proteins soluble in water, from which they can 
be separated again by saltiug out. On heating, they undergo 
coagulation. 

The globulins, on the other hand, are almost insoluble in 
water, but dissolve in dilute acids, alkalis, or salt solutions. 
They aie coiigulated 011 heating, and are precipitated from 
saturated solutions of magnesium sulphate, in wdiich respect 
they resemble the albumins. 

Tlie sclero-proteius, such as gelatine and keratino, arc dis' 
tinguished by the fact that they form sticky, gelatinous materials 
when treated with water. They are also characterized by the 
readiness with which they dissolve in alcohol. 

Allied to the foregoing are the protamines and liistones, which 
lure of a much simpler nature than the uiein1>ors of the first 
three classes. Of the two, the protamines are the more liasic 
in clinmctcr; while the histonc.s staml miiiway between them 
and the albumins in this i-e.sj^)ect Both cL'isscs are found in 
lish si)urm, genemlly combined with nucleic acid. 

The next group of compounds is more complex in certain 
ways \ for in addition to the ordinary type of albumin structure 
they contain other group.s of a diUcrcnt nature, and they are 
therclbro to he roganled as conjugated proteins. 

The conjugated proteins may be divided into three classes 
according to the “ prosthetic group " which they contain. In 
the case of those substances which contain nucleic UQiils, the 
class is termed nucleo-pruteins; when a carbohydrate group is 
present, the compound belongs to the gluco-proteiiis; whilst if 
the prosthetic group bo chromatogen, the body belongs to tbc 
chromo-protein series. Logically, the phospho-proteins and the 
lecitho-proteins ought also to be included under the heading of 
conjugated protoias. 

Turning now to derivatives of the proteins and treating 
them in a descending order of complexity, the first class in¬ 
cludes the meta-proteins. Tliose are obtained by treating 
complex proteins with acid, which gives rise to acid-albumins, 
or with alkali, which yields alkali-albumins. The acid- 
albumins are insoluble in water or salt solutions, but soluble in 
dilute hydibcbloric acid or sodium oarbonate solution. The 
alkali'albumins are insoluble in water or salt solutions. The 

0 
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main ilitrcrcncu bet'n'ecu the two classes is that the acid- 
{ilhuiuiiis have no oifect upon calcium ciirbuiiate, whereas the 
alkali-albumins liberate carbon dioxide from it. 

The next class of protein derivatives contains the proteoses 
such as albumosis globulose, etc. These substances can 1)C 
obtained from the albumins by hydrolytic decomposition in 
X-iresencu of certain enzymes. They are soluble in water even 
when their parent substanees were insoluble; and the further 
the decomposition has proceeded, the more I'cadily soluldo the 
product a^fpears to bo. They can bo salted out of solution by 
means of amniooium sulpliate in presence of acetic acid. 

Closely allied to the proteoses are the peptones, the main 
difference between the two classes being that the peptones are 
not throun out of solution in presence of ammonium sulphate. 

Firmlly, when the fission of the, protoiii moloeiile has beou 
carried to its furthost stages, the pr-Iypeptides and the simple 
aiiiinu-acids arc readied. 

it must not l>e .supi>o.sed tliat the foivgoing 8iin]>liiied 
scheme includes all the degradation produets of protein mole¬ 
cules. Ill addition to amino-acids, certain hydi'oxy-amino-acids 
and biinplo fatty acids have laten isolated; while sulphur 
derivatives such as cysteine (I.) and il.s oxidation ])roducl 
cystine (II.) arc foiiml. Tryptophane (111.) and prolinc (IV.) 
have also been recognized in soiiui cases. 


IIS. cii 2 .(m(NJ[ 2 ). coon 

a.) 


[S.Clla.ClL(NIl2).COOIIj2 

(II.) 



c.cif2.cii(Nii2).ooon 




Am 


NMl 


(III.) 


CHa Clla 

('Il2\ /ClI.CtM)H 

NH 

(LV.) 


Carlmhydrate derivatives have been dotected, including a 
nitrogenous compound glucosamine— 

CHjOH. C1[(0H). CH(6 h) . CH(OII). CH(NHa) • CilO 


and the action of putrefying bacteria results in the formation 
of the diamines: putrosciue Nli 2 . (CH 2)4 • NII 2 and cadaverine, 
NH2.(Cll2)g.]!fHg. 
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Wliou a uucleo-proteiu is siibjcclt^d to reagents wliiuh break 
it down tlio process is a complex one: 

NiickM-proteiii 

I'cptiti di^viition, or IK ] 

! I . 

L'rotciii X Niii-luni 

Ki>ll 

I i 

I'rutuiii Y Nui'-Ifio acid 

i 

I l•'urtlll■.r liydnilysiH 

Phuiphorio acid (JiirliLhydrutc I’uriiio bahoa 

From this sciiemo it Ciin be seen that when a niicleo-protciu 
is acted on by p(‘psiii or is liyilrolysed by means of>dilntu 
hydrochloric acid, it broiiks down into two portions, one of 
which is a protein and the other a nuclein. I'lirtiior hydiijlysis 
(lecomposi'rS the nuclein witii the liberation of a scconil portion 
of ])rotein, widish ma^ be din'ereiiL in constitution from the 
pnitein obtained in liio previous hydrelysis; while a nucleic 
acid I'ornis the remainder nf llic Hs.sioji-produel.s. Further 
deconipositiun of the nucleic acid yields various molecules 
belonging to the carbohydrate and [)urine groups and also 
pliosplioric acid. 

Thu eoii'ititulion of the nucleic iicids is not yet deliidtoly 
established; but in the case of nucleic acid derived'from the 
thymus gland the following decompusilion products have hceii 
isolated: phusphorie acid, a lioxose, two purine derivatives 
(giianino and ailcnino), and two pyrimidine derivatives, 
(cytosine and lliyniino). Cluanino is L’-ainino-ti-oxy-purino and 
adenine is G-aiuiiio-^uriue. Cytosine and thymine have the 
striicLures shown lielow: 

N -C-Nir, Nil—CO 

/ I " /I 

o=c oir * o=(^ c.cii, 

\ II \ il 

Nil—CH NH—CIl 

, Oytobiuo. Thyuiitio. 

It has been tentatively suggested that thymus nucleic acid has 
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tlic following structure ^; but it must be re^uriled as merely a 
probable conjecture and not as an eatablislicd view. 


0:P0{lHIJs <):PO(OIl), 

(•Jlu0,-P0(0H)-0-(!,H,<)r-0 -ilf«<)*-0 —POIOIU-CV-C.HmOi-CjIIhNsO 

(Adiiiiliiv.) (atuuiiDe.) 

(('yUiNlno.) fJliyiiiiiiL'.) 


The foru;;()ing skctcli is siifncieiit to show the extreme 
complexity of the protein structure; and it iudiuatus in un 
iiiicertaiu way liow far we still have to travel befoi'o we ai-e 
able to make a definite statement with regard to the constitu¬ 
tion of even the simplest member of the protein class. At the 
present time, the up[)er limit of laboratory syntheses is renched 
with compiirativcly simple polypeptides; but above that lie the 
]>uptones, proteoses luid meta-proteins, all increasing in com¬ 
plexity ; and then come the proteins pro{)er. Nor is this all; 
for wo have still to clear up tlie cons: Itutioiis of the conjugated 
proteins with their nucleic acid, cai'hohydratc or chroniatogon 
grouijs. 

It will be seen that the ])roblum of the cellulosp. constitution, 
which has hitlierlu defied the elfoTts of organic chemists, is a 
meiu eleiuentiii'y exeri'ise when eoinpared with the cmuplexity 
of the protein molecule; for in the case of eelliilosus we have 
to deal with only the three elements carbon, hydrogen, oxj'gen; 
and the dceompusition {rodiicts involved in the luactions of the 
compound arc almost entirely confined to the. sugar group: 
whereas iu the proteins the introduction of the extra elemimts 
nitrogen and sulphur ctjiuplicates the riddle, owing to the 
{)Ossiblo existence of many further types of linkage between the 
atoms. 


> Levonc luid Jacobs, </. liviV. Client, IS, 377. 



CHArTKR VIII 


Tiru (jHLouDriiYiii. rnoBLT-ar 

1. lutnnlactory 

Tub chemical coDstitntioii »»f Ihe gi-cun colouring nuitlor of 
[)laut.s olFers a problem which has taxed the ingenuity ol' mauy 
invcBtigatoi'd. Kvun so recently as fivi? years ago oiir know¬ 
ledge of the chlorophyll strucbiin; was so fragineutaiy and 
disconnected that t.ho very niiiiie of the siibstaucc was uniilled 
from standard textbooks. Ihil since then tlio compound has 
been submitted to rigorous scrutiny, its roiictions have been 
classified, its decomposition ])ix)duct.s brought into ndation to 
each other; and although our views on the exact nature of 
its structure are still Iluid, the informaiion at our disposal is 
siifliciout to render a colioroiit account of it possible.^ 

Ill the pi'esent chapter au attempt will be made to link 
togetlier the .scattered data of the subject in a more or less 
connected scheme,* and to pro.sent to the ii^ader a biiniiuary 
of the important iiifonnatioii wliich has kHiii acqun'cd. In 
this hranch of chemistry, theory has in many cases far outrun 
practice; and constitutional formulio have bcim proposed for 
some substances the true structures of wliich are possibly 
dilferent from those assumed fur them. Under these circ.um- 
stonces an endeavour wdll be made In 1*0 to indicate as clearly 
as ^lossiblo the points at wliich established facts end and pure 
hypotheses begin) for it seems desirable to draw the line of 
demarcation os sharply as can bo done. Some of the foruinlrB 
ascribed to certain comiiounds ruy l )0 accurate, though yet 

^ For a gonotal account of recoiit renciirches by Wilisthttfr, .icu Tirr., 191-1, 
47, 2SS1. 

* The reAdnr is odvisod to make uho of the table nt tho onil of this volume 
in any diflioulty which may aciso as tr tho rohitions between certain chloro¬ 
phyll derivatives. 
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unproved ; Imt il. would bo doing tho reader a poor service to 
hiave him in doubt as to their iictual present value, or to try 
to ])Ui'siiiidc liiiii into an acceptance of constitntious which 
later work may prove to bo erroneous. 

A study of the litc.ratnre (»n chlorophyll is l)e8et with diffi¬ 
culties. Ill the first place, the nomenclature of tho subject is 
to a large extent new and dillenmt from that with which th(‘ 
oTgrinic chemist is familiiir; fcjr instead of referiing to acids 
in the usual terms, the i[ivc.stigators hav<i christened them with 
Cl hriind-ncw sist of names, and as these titles have established 
themselves in the litonituro, it is hopeless to expect that Llicy 
will Ijc altered m'w. Secondly, chlorophyll contains witliiii 
its iiioh'culu a ccniiplex and sensitive groujiing capable of 
undcrg.ung vaiioiis intramolecular cliangcs under the action 
of reagents; and these rcariangei leiits form one of the most 
puxxiing factors in the ])roblem. 

The (‘xtraction of ehlomphyll from plants is a simple 
oi)eration. '('he leaves are ri'niovod fioni their steins, dried 
and ])owdcrcd. Alcohol is then poured over the jxnvder and 
the mixtun) kept conslantly stirred. After a longi'r or slmrlor 
time tiie rhloiuphyll into the Ihpiid, from which it can 

bu e.xtracied. liy Ihis })ro(‘oss a “ crystalline chloi*opliyU ” is 
ohlainod; whereas when ether is substituted for ah-ohol, au 
“amorphous chloro])hy11 ” is found in solution.' 

The composition of “amoq>hons ulilorophyU” may bo 
niganled jirovisionally as cori*esj)Ouding to C65ir72N^405jMg; 
bill even here a word of caution is desirable. The lowest 
possible molecular W'oight of a substance such as tlan >vonld 
reach nearly 900; and railoction will show that tho I'vact 
analysis of so complex a compound must be •iifficnlt in the 
exl.it)ino. 

The conijdication of the formula makes it obvious that 
our chief knowlodge of chloi'ophyll must lie gained through 
an . iicqnaintance with its degradation pi-oducls. Three main 
types of reaction might he employed to break down the 
chlorophyll molecule: oxidation, reduction, and hydrolysis. 
In practice, it has been found that most infomiiition is gained 
from a study of the last class; for oxidation and reduction 

> Willstiitter and Bonz, Amialni, 1908, 868, %7; WiUstulitcr and Opp£. 
ibuL, 1911, 378, 1. 
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priivod to bo coin]>arativoly usulossi in so fur ur the ])rorluctiou 
of iinincdialu decoinposltion firodiicls is eoiiceriio-d. 

Along with chlorophyll, two other colouring inattcra are 
found in leaves. Tliu one, carotin, is co]>pery in colour and is 
identical with the substance wliicli giv(‘s their colour to carrots. ■ 
It is a liydrontirlam of the composition The otlu'r 

colouring inntcrial, xanthophyll, is dark brown-red in tint; 
has the coinpo-sition 04 qH 5 o() 2 ; and sttcnis to be an oxidation 
product of carotin.* It is suggested that in sumincr the greoii 
pi' chlorophyll ma-Rks the tints of carotin and xanthophyll; 
but wJiun in autumn the chloropliyll decays, the reildish 
pigments hecomo visible and give the leaves their autumn 
colouring. 

Jt is intoi-csting to note that the chlorophyll of brown algsn 
is iiientical with that derived from laud-phints,’* a fact which 
ai)pe!ir.s most iiiio.xpectcd fwon th(^ tints of the organisms: 

2 . Avwrithmtff ChlorophijU and so-ntUli'd " fh'jfstnUinn 

Cltlorojthj/Uy 

As lias Ix'on poinlod out alnvidy, the extraction of chlorophyll 
from ]ilaiit.s by incaus of ether yields an amurphous snlistaiice, 
Sjiccimens of this amorphous proiliiet were. ohUiincd, under 
cand'nlly regnlak'd conditions, from about two liuiidrcHlditrcrent 
kinds of plants; and, on cxaininatiou, it was found that all 
llio saTnp1o.s yielded on dei^om posit ion approximately the sauio 
ainoiirit—about 20 per cent, of an alcohol namei^ phytol.-* 
This at once suggests that amorphous chlorophyll may lie the 
])iiytyl o.st('r of some unknown acid. 

Confirmation of tlii.s view wa.s obtained by liydrolysing 
amorphous cliloni]>hyll witii cold dilute potiash. The products 
of the reactiou are eipiiiuolccular quantities of methyl alcohul, 
phytyl alcohol, and the potassium sail of a triba-sie acid, which 
is termed chlorophylliii.* It appeni-s, then, that aiiioi 7 dious 
chlorophyll is a di-estcr of this triliasic acid, chlorophyllin, in 
which one of the carboxyl groups i.s estorified with mctliyl 

' WillAtj'tter and MioK, Annalcn, 1007, 386,1. 

* Willhtulter iintl Pu{^, Annah'n, lOM, 404, SUV. 

* WillHtjiUcr, IfouJioder, and Ting, Annatm, 1000, 871,1; WL. tdttcr and 
Oppf>, ibid., 1011, 378,1. 

' Willflttittor and Stoll, Annidi’n, l910, 378,18. 
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alcohol, anokher with phytyl ulculiol, whilst the third isneoupied 
in some other manner. 

But three cai-boxyl radicles would imply the presence of 
six oxygen atoms in Uie chlorophyll molecule; whereas from 
the analytical results there appear to be only five. Tho 
[Kissibility of internal anhydride formation is excluded by 
the fact that ])hytochlnriu-£ (a decomposition product of 
chloiYiphyll) contains the same grouping and docs nut form 
an amide with ammonia.^ Since nitrogen atoms are found in 
the nioleoule, it miglit bo assumed that the third acidic group 
is present as an amide; but in this case, ammonia would be 
found in tho products of hydrolysis. Tlie only feasible ex¬ 
planation is tliat the fifth oxygen atom of ainoiphous eliloro* 
pliyll forms part of a li'ctani ring wliich is opened uj) on 
hydrolysis, setting free the third carboxyl group.* 

!Now since phytyl alcoliol has the formula C^oHsgOH, it 
follows that on tiie aliove assumption we can express the 
liydrolysis resvetion thus— 

--■N , -=Nir + (lllaOlI 

I iryaK.i:mta j_(;OOK 

-dOOCHg l-C()()K + t^aolIsaOTI 

• COOCaoKao 

Amorphous nhloropbyll. Ghlocophyllin iiall. I'hvtol. 

Tlie case of “ crystalline chloinpliyll ” must now bo ex¬ 
amined. Jt also is found to bo a di-oster: but instead of 
tlie phytyl radicle it contains an ethyl group; tho second 
carboxyl mdicle is esterified witii methyl alcohol; whilst the 
third carboxyl resembles the corresponding cue of aiiiorplious 
chlorophyll. Thus, <]uring the extraction of cldorophyll with 
alcohol, it is (dear that tlie phytyl gruup has l>oeu i-cplaced hy 
an ethyl radicle. This process is traced to the lictioii of uii 
ouzymu, chlorophyllase, whicli is found in plants. Duriug 

* WilliiUilter and Utzingor, Anrwlen, 1011, 88S, ISO. 

* Jt will 1)6 noted that at tfaiH point diffiooltioH arjKO oa to the exact 
hydrogen coiitout of theso bodies. When the loctatn chlorophyll is converted 
into the acid chlorophylliu nn atom ol hydrogen la takon up by the imido group. 
Willablttcr'a furninlto take no account of this («.p., Annakn, 1011, 878, 05). 

To avoid confuaioii, tho present account takes as n starting-point tho composi¬ 
tion of chlorophyll-a ns given liy Willstiittor In Antialen, 1912, 890, SOT; and 
it must bo road accordingly. 
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prolonged processes of maceration with alcohol, the chloro- 
phyllase from the plant tissues substitutes ethyl fur phytyl 
alcohol, and “ crystalline chlomphyll ’’ is the result.^ 

As “ ainorplions chlorophyll ” is a crude term, it may now 
bo rcplaciid by something more scientific, if equally cumbrous. 
When one carboxyl radicle of the tribasic acid termed chloro- 
phyllin is csterified with methyl alcohol, the product is calleil 
chlorophyllido. If now a .second carboxyl grou]) in chloro- 
phyllide be csterified with phytyl alcohol, the new substance 
is termed phytyl chlorojihyllide. (Jrystallinc chloropliyll ” is 
obviously ethyl chlorophyllidc. The following foniiula) * show 
the lolatioiis between the four compounds:— 




'---Nir 


CaiTra*Nj^rg| (’sin,,N,Mg‘ 

l-(’()UU 


Nir 
GOUTf 
—COOCJJI, 

I win chlorophyllido 

1 MT ('Amorphous clilorupfayll). 

“ wOllLiIIj 


NH 


—coeni 


('■blorox*hylliii. 


('hloruiihyllido. 


I Nil 
COGlI 
.UODCII, 

Ktiiyl (‘liloro])liyllido 
(UryKtallinc <-liiorox>hyil). 


The.SC forniuhc are given with all ra«licles free for the sake of 
clearness, but actually the aniiuo-gronp and the neighbouring 
carboxyl proltably form the lactam ring immediately. The 
evidence on this jioint is given in § 7. 


3. 77wi Strudare of Phytol. 

Owing to the great diinculty involved in purifying tlie 
decomposition ])roduct.s of phytol, the investigation of its 
constitution has proved extremely liiml; and some erroneous 
data were given in the first paper on tlio subject ^ which have 
now been correetpd." 

Fhytol has the composition C 2 oH 3 g.OH. It is therefore 
a member of the ethylene or th^ polymethylenc series. The 
results of oxidation prove it to be an ethylenic compound. It 

^ WillRtiittcr and Stoll, .Innalfn, 1910,878, IS. 

7 Seo lootnote on p. 200. 

‘ WilLttiittor, Sleyor, and Hilni, AnnaUm, 1910, 878, 7.S. 

* Willfltattor, Sohnppli, and Mayer, /Innalen, 1910, 418,131. 
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occiirR ill two isomeric Ibrms which differ from each otlier in 
the case with which water is eliminated from the molecule. 
Tliis points to its showing geometrical isomerism. 

When oxidixed, it is converted into an acid, phytenic acid, 
^ 19^^37 • CiOOlI; and as this contains the same number of carbon 
atoms as pliytol itself, the original phytol must be a primary 
alcoliol. CiBHsy.CTraOH. 

Oxidation with climniio acid jiroduces a ketone, O 17 H 34 O, 
the reaction having evidcuitly broken the phytol chain at tlie 
double bond. »Sinuo three carbon atoms are s^ilit off during 
this oxidation, we are justified in writing the phytol structure 
thus: 

OigHai.CWCgirg.OUgOlI 

C113 

The methyl group atlachcil to the .ithylenic carbon atom is 
necessary in order to produce a ketone and not an acid u]»on 
oxiilation. 

Now the group : C 2 H 3 —must Imve either of the atructuTOs 
: 0(0113)- - or : on.OJbj. ( 3112 . 011 ; so thal the formula for 
])hytnl must be: 

^ C. OUaOIl or ( 3 i 5 riMC 3 -OIl. CHaOlI 

OH, ill, (!1(, 

J^hjtol. 

(*•) (H.) 

The alternative structure (II.) appears t o be excluded, owing 
to the fact that jihytonic acid forms a lactone, which i. a 
ninction chanuiteristic of acids containing methyl groups in 
the a- and /^-positions and a double bond in the A^-positiou, as 
is the case in the phytol formula given above. 


4 . ChioraphyU^a ami Chlorophyll-h. 

* % 

Half a century ago Stokes' 2 >roved tliat tlie cliloi-ophyll 
occurring in plants is a mixture of two substances differing 

‘ Stokeu, Proc. Boy. Soc., 1064,18,144; compaxa TBWott,^*.*^ mi., 1907, 
5, 6; Ber. deutwh. bol. Ocs., 1900,84, 316; 1907, 86.137; Hrr., 1908, 41.1362. 
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in tlicir spectra and sulubilitius in curtniii solvents; bin. his 
paper rcniaiued almost by later workers, and it 

was not until 1912 that dt'finite clieinical comiboration of his 
Htatcinents was obtained.' 

The newer researches on the subject .started from a different 
standpoint. When chlorophyll w.as Ireatcd with certain I'o 
agents, it was found that it yielded a niixtun*. of two sub¬ 
stances : phytochlorin-/! and phylorhudiii-//. These compounds 
are found to occur ainoiif; the de^vadation products of chloro¬ 
phyll ill the almost constant projiortion of live molecules of 
phytochloriii-e to two inolecules of idiytorhoilin-//. At first 
sight it apfx’ars easy to account for this by assuming that the 
chlorophyll skeleton contains five phytoo.hluriu nuclei an<I two 
phytorhodin iiuchd; so that in its decomposition it could give 
rise to the pnHlucts in Ihe nuiuired proi>OTtion.s. This nx- 
])lnnatinii Imiaks down at once, however, when it is shown 
that the moU*nular woighfs »if ])hyLochh»rin and jdiytorhodin 
arc each approxini.-itely tin* .ssme us thul of chlorophyll itself, 
if wc deduct from the latter the molecular weight of the ]>hytyl 
radicle which does not occur in cither the jiliyfaKdiloriri or the 
])hytoi-hodiu niole.cii1e. (Hciirl)', if tlic. molecular weight of 
phytochlorin-c is nc'urly tin; same as that, of the nou-])hytyl 
]Ntrt of the, chloro]ihyll molecule, there is no room in the latter 
siilistam'o for five iihytoeldoriii nuclei. 

Evidently only one ivay can he ffuiiid out of the difficulty. 
It is necessary to assume thal- chlorojihyll is a iiiixtvre of two 
conijioiicnts, one of which on degradation produces phyto- 
chlorin-fl w'hilst I ho other gives rise lo pliytorhodin-jy. This 
view has iictually been proved correct^ l>y tlu* sepumtion of 
chIoro])liyll into two portions : cliloro})liyll~fl’. ainl obloropliyll-ft. 
liy shaking a solution of chlorophyll in petndenm oilier with 
some water containing methyl alcolio’ it is found that cliloro- 
phyll-tt remains in the jietroleum other whilst the chlorophyll-& 
passes into the aqueous layer. 

Ch]oro])hy11-<( is a bluish-black iii tint; contains half a 
molecule of water of crystallizuuion; and gives only phyto- 
chlorin-c when it is decomposed. ChloropIivll-/> is greenish- 

black in colour; its cry.stals are nnliydrous; and vtu»n it is 

# 

• Wtllstiitler Bnd Tsler, AnnaUn, 1012, 800.260. 

* Ibid. 
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)>Tokoii down it yields only phytorho(]in<^. On analysis, chloro- 
phyll-rt is found to be— 

[C32H8oON4Mg](COOC}[8)(COOCaoH3») + iTIaO 
whilst olilorophyll-ft gives results corresponding to— 
[C32H880aX4Mg]({;OOCll3)(COOC2oll3o) 


5. Phfcopkj/tirtit and Vhmoidmr\nd€&. 

Wlien chloiuphyll-tt or elilorophyll-6 is treated with alooholic 
oxalic acid, the magnesium atom of the molecule is removed 
and replaced by two liydrogen atoms.* In ibis reaction the 
osier groups of the molecule are left intact. The product of 
the Inaction is clearly the inetliyl-jiliytyl ester of the hydrogen 
derivative of chlorophyll. It is tei'ined a phienpliytiii; and 
the sullix “a” or “ft” is us<'d to indicatj from which of the 
chlorophylls it is d<*rived.i 

Further treatment hydrolyses away the phytyl radicle, 
leaving a mouoraethyl ester, whicli is called a ph<enpliorbide. 
P'inally, removal of the methyl riulicle leaves a dibasic acid, 
]>hi(:uphorbiii. Tlic following scheme will make the matter 
clear:— 


roocii. 


“Mg 


(,'OOflTb 


[IVJ f3oON4MgJ - r< VH 

roOOallj, +H. IX)(1C9,II„ 

Glllorophyll-a. PlKPophytin-a 

(Phjtyl phtrophorhido). 

Hydrolysin C00C1I3 Hydrolysiis (’Otilf 

-[CfflHiuOif,] -[C„H„ON,] 

cooH 0001r 

Phocophorbido-a. Phvophorbiu-a. 


As has already been remarked, the nomenclature of the 
chlorophyll derivatives dilfers from that usually employed 
in organic chemistry; and therefoi'u it may render the task 
of the render easier if some indication be given at this point 


• Tbo rovorsc cbniige (ropbioouieiit of hydeogon by magnoHUim) can be 
carried oat by boating thosubettnnoo vritb uiaguesium oxide and caustio potosb 
Bolntion or by tbo action of tbo Orlgnard reogout (WiUstilttor and Fors4n, 
^nnalett, 1C18. 398.180). 

' Willatattor and Isler, AriTtalen, 1919, 890, 209. 
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of the relations between the various groups of com^Munds with 
which it is necessary to deal in this chapter. The two main 
olasjes arc the magnesium-containing derivatives and the 
magnesium-free substances which uro derived from the others 
by replacing the magnesium by two liydrogon atoms:— 


Maoskhiiiu Debivativkh. 


* Ghlorophyllin 

srgii(coojr), 

* Chlorophyllitie 
UOUCll, 

(0<)0H), 

* Chlorophyll 

1000(311, 

MgUj000(3, 

Icooir 

Glaiiaynhyllin, Bhothphyllin 
(Ufanophyllin, Kryttu opliylhn 
'.Mg.ltil^OOOll), 

Pyrroj>hylUn, PhyUophylliu 
Mg.JUIg{OOOH) 


(3cUIBBS1>0ND1N« COMI'OUKDS 
WIIKIIKIN TUB MaGNKHICU ATOU 
18 ]<KFE.ACKD HY TWU J-lYbltOUKM 
AlHlMH. 

* rhtiUMthorlAii, Phylochlorin 
H,K(U001I), 


• P/uettplufrbitie 



* 1‘htPophytiH 

(GOOCH, 

(llaucoporptionn, Ithothporpborhi 
Gymwpnrphorin, Krythroporphorin 
]1,U.H.(C00H), 

Pyrroporphofin, PhylloporjAmin 
11,111 r,(OOOH) 



AUiophyllin j-Eliaporphonn 

Inspection of the above will show that ifitiophylliii and 
(etiopur[)horin are thii jiareut substances of the two groups; 
tlie otlier members (11X3 ohaiued from them by replacing 
hydrogen atoms by one, two, or thiue carboxyl radicles. 


0. Thi". Oecompusition of GMffrophjll by AlhiU and by Acid. 

TI»i action of alkali upon olilorophyll is twofold. Under 
certain conditions, a change in composition takes place; 
whilst under other conditions only I'carraugenicuts occur in 
the chlorophyll structure. Tu the present section, for the 
soke of clearness, the decompositions will bo dealt with; and 
a full treatment of tho intramolecular rearrangements will be 
deferred to the next section. 

It will be remembured that v/hs" chlorophyll-a is submitted 
to the action of alkali at ordinary temperatures, the first cliange 

* Note that tho third carboxyl group in those substaucos is mORked by 
lactam fomiatiou. Zt has been shown froo in the above foimulte merely for 
the soke of bringing out tho ooalogieH beiiween the various compounds. 
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iioturl is the iiydrolysis of tho phytyl radiclo. Thereafter, the 
imtlhyl <rn)up is displaced in turn; and, finally, tho salt of a 
tribasic acid, chloropiiyllin-a, is producod. If, now, the tem¬ 
perature be mised to 140** C., carbon dioxide is split off and 
a du^rboxylic acid, ^laucopliylliii, is lurniod. At 165** 0. in 
])rcscncc of alkali, this undeijjfocs rearrangement into rhodu- 
phyllin, whicli is also a dibasic acid. Treated with alkali at 
200** C., rhodophyllin in its turn loses ciirbon dioxide and yields 
a inonocarboxylic acid, ])yrrophyllin.^ 

If hot alkali be allowed to act diivct u])on chloi’ophyllide-a, 
with no previous treatment in the cold, the decomposition 
takes a diil'crent but parallel course, nwin^ to an iutranio- 
lecidar change occurring which produces iso-chloi'o]ihylliii-a 
instead of cldorophyllin-r^ With alkali at 1-10“ tt this iso- 
nicric substance yields cyano[ih}llin, isomeric with glauco- 
phyllin. Uyanophyllin, when heated with alkali at 170“ 0., 
gives erythrophyllin. Finally, from er\ uhrophylliu, alkali at 
100“ C. pinduccs phyllophylliu.® 

Thu tiible on opposite page will servo to bring out the 
parallelism oetween the various compounds formed in the 
latter stages of the two rciictions. 

Throughout these cliiingcs, the mugnesiuni atom of chiorii- 
phyll I’etains its place in the molecule, as alkalis appear to have 
no power to disphico it. 

Tho. action of acids upon chlorophyll, as was mentioned 
above, is to remove the inagncsium from the molecule and 
repbme it by two hydrogen atoms. Now it is cletir that 
similar treatment might be given to the decomposition pro¬ 
ducts of chlorophyll ; and it is found that in tlicir casc.s the 
same nisult follows. Thus for each magnesium-containing 
derivative there is a corresponding liydrogcii compound.® 

Til this way we obtain from gluucophyllin tlio correspond¬ 
ing glaucopuqihoriii— 


II V rc H N 


CSlauoopLylliii. 


(ilaucoporphoriu. 


^ Willstiltlor and Fril/jiclio, Anualen, 1009,371, 33; and WillBtiittor, JJrr., 
1914,47. 2Sa4. 

* WilLstiitter, Her.. 1914,47, 2S54. 

* Willstsitiior and Fritziii.'lie, AniiulnH, 1009, 871, 83. 
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Cblorophyll-a 

COOCII. 

oooc-uQir3g 

GoU 

Chlorophyllide-tf 


(JOOCII, 


[CaaHgoONiMg] 


/ 


S’/ 

/ 

Ay ' 


coon 


\ ^ 
\ o 


\°s 

\%- 


Jso-chl(»rophyllin-a • 

[(J3ill3,N4Mi.J(COOU)3 


—CO« 


Alkali at 140 ’ 


(■ynnopliyllin 
[C3lll32X4MgJ(C001f)2 

AlkaJi at 170’ 


Erythrophyllin 

[03iJl32N4Mgl(OOOU)., 


-CO, 


AlJcali at 190' 


Phyllopliyllin 

[C3iH33N4Mg]COOn 


Cliloropliylliii-a * 

H-3illMV4Mg](COOU), 


—Wj 


Alkali at 140' 


(ilcaucopliyllin 

[t’„H3jN4MaJ(COOH), 


Alkali at tSS'' 


Khodopliyllin 
min32N4Mg 1(00011)2 


-CO, 


AlkeUi at 200 ' 


PyriDpIiylliu 

[OaiHaaN^MgJCOOH 


* Ail ^'11 be soon in tlio following sebiion, olilorophjllin*a and iso-cbloro- 
phylliiwt probably contuui laotum ringn so that thoir formnhe may U' written 
dtbor OH 


, GOOH OOOIf 

[0„H,iN-Mg]0OOII or [C„H*^,Mg]0O()U 

COOU CO. NH— 
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iiijil in a Bimilar Tiiannur we got rhodoporpliorin from rhodo- 
jjliylliii, pyrroporpliorin fi-om pyrropliyllin and phyllopor- 
phorin from phyllopliyllin.* 

Tlie final stage in tho decomposition of chlorophyll requires 
more drastic reactions.^ If tlie phyllins or poi'phorins aro 
healed with soda-lime in a tube they lose carbon dioxide and 
are converted into substances containing no carboxyl radicles. 
When a phyllin is used as a startiug-poiiit, the substance pro¬ 
duced is a^tiopliyllin, whereas when a porphorin 

is treated witli soda-lirao it yields the corresponding maguesium- 
froc compound mtioporphorin, ^’31 ^^36 ^^4- 

The decomposition of chlorophyll-^ follows a slightly dif¬ 
ferent course, some intermediate products being missing from 
the series, as can be seen from the LahLo at the end of this 
volume. 

7. Intramolccttlar Ohiintjt's in the G/il n’o^thyU Nudene. 

When Ghloro])hyll-a is treated with cold alkali, both the 
methyl and ihytyl radicles are removed by the hydrolysis 
and a substance known as chlorophyllin-a re.sults. (Jii the 
oUier hand, if hut alkali solutions ait) employed, the ciid-pro- 
duct is an isomeric compound iso-chloit)phyllin-a.'‘‘ Tlie actual 
pnigress of the reaction is marked by a ])ecnlinr colour-change. 
When the alkali acts on chlorophyll (or on a chlorophyllide) 
tho green tint of the substsince al lei's to a deep brown and 
then, atte« a few minutes, the brown coloration vanishes and 
is replaced liy the original green. The hiown tint corresponds 
to the presence of what has been termed tho " brown phaseof 
chlorophyll." 

Taking these facts together, the only possible explanation 
of them must be found in some kind of intramolecular change 
occuiTing in the chlorophyll molecule under tho action of the 
alkali: and Willstiitter has suggested that this change involves 
the lactam group which was postulated as one of the radicles 
in the chlorophyll nucleus.* 

He assumes that at least three of tfie nitrogen atoms of 

* boo tho table at the end of this volume. 

‘ Willetattcr and Fischer, Afunaten, lOlS, 400,182. 

* Willstiitter, Fischer, and Fors4n, Annaien, 1913,400,147. 

a Willstatter and Utsinger, Annaien, 1911, 382,129. * Ibid. 
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chlorophyll are capable of tnVing part in lactam rings. Then, 
as there are three carboxyl radicles also present in the molecule, 
it can be see that a very considerable number of different 
lactams may be formed according to the choice which wo make 
of the carboxyl group and the nitrogen atoms which are to build 
up the particular lactam in question. 

tict us distinguish the three carboxyl Kulicles from one 
another by the letters fi, and y; and let us attach the 
symbols, /9, y, and S to tlio nitrogen atoms which Willstatter 
assumes to lake ^tart in the reactions. Tho remainder of the 
chlorophyll nucleiui may bo represented by a heavy line. On 
this scheme, it is clear tliat we might have various isomeric com- 
]>omids formed, each of which would contain a different type of 
lactam ring. Thus tho y-iiitrogen atom iniglit be linked with 
the y-corhoxyl group, fis in (F.); or the y-carboxyl group inight 
change its moilu of linkage and attach itself to (he o-nitrogen 
atom as in (IT.). 



N \ N 

d fin 

( 1 ) 


Now imagine that tho compound (L.) is less stable than the 
coiiqiouud (LT.) owing to the difforonce in slahility of tliu two 
liiclaiii rings. It is clear that if tlie ring in (I.) he Ip'okeu hy 
any means it will not tend to re-form itself, but that, instead, 
the compound (LI.) will be produced owing to tho greater 
stability of its lac.tam riug. 

Thus according to Willstiitlur’s views, tho formation of 
chlurophyllin-a and iso-chlorophylliii-A from chlorophyll may 
he reprosenteil in the following niannei:— 
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'Dlls process of " alloincri»itioD,'' as Willstattor terms it, is 
obviously capable of application to t.Iie sim])lcr cliioropliyll 
derivatives as well as to clilorojdiyll itself; and whou the 
complexity of the possible arrangements of the various car¬ 
boxyl and iuiino radicles is taken into account it is no great 
wonder that tlireo isouK^ric piiytocblorins and an equal number 
of phytorliodins are known. 

Both chlon)phyll-a’. and chlorophyll-& give allomers simjdy 
on standing in al(H)holic solution ; which is suificient to sliow 
how readily this intramolecular change takes place. 

8 . 7’Ac Mafpi&dum Atom in tlie CJdorophyll Molecule. 

The part ]>layed by the niagiiosinm atom in the stmctui'c 
of chlorojihyll cannot bo igiioriMl if a true pictiii-e of the sub- 
stiiiKio is to be obtained ; yet It must be admitted that in some 
ros])ects the pro])lem which it pn^eiits a thorny one. 

Vrom tlie fact tliat the magnesium aiom remains as part of 
the struotun'. of a'tiophylliii, C 3 iH 34 N 4 Mg, it is clear tliat the 
metal must bo attached to carbon nr nitrogen; since all the 
oxygen has disappeared in the process of <legradation to which 
the original chlorophyll bn.s been .siibmiLled. 

Now in all the mugnesium-cai'lMuj comi>ounds with which 
we are acquainted, the magnesium is easily removed i>y tike 
action of water; it certainly cannot witlistand the attack of 
alkali. Fiuther, the nitrogen-inaguesiuin bund also appears 
to ho a v[eak one, if we inuy Judge from the behaviour of mag¬ 
nesium methyl iodide with pyrnd.* Clearly the affinity whicli 
Imlds tlie imignusiiim atom to the chloi’ophyll umdens is 
no ordinary bond; and we are left to conjecture if.s natui'c. 

Willstiitter’^ regards the metallic atom as forming a com¬ 
plex with the basic groups of the molecide. This question of 
" complex ” funnation is one of the debatable points in modern 
organic chemistry; and the fact that (‘.hlonqihyll appears to 
be the-first inslance of magnesium acting in this inonucr will 
possildy not recommend the suggestion to some minds.* 'riie 

‘ ItoFM iind WiBsing, Hrr., 1914, 47, 1416. 

* Willstiltlcr imd I'fanncnHiiio], jInnal/’/t, 1908, 848, 216; WillHliittor and 
FritTicho, thiti., 1910, 371, 46. 

* The fact that the mognoBium atom can bn replaced by two hydrogen 
atonifl without oomplotoly altering tbo ohoractor of the molecule makne the 
matter oven more puzxling. 
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problem is otic which mnsl be left to the jiul^sriuont of the 
reader. 


9. The Structures of jEiity]fh.ij]lm uiid JEtioporphorin. 

A consideration of the probable constitutirms of the two 
iiltiinnte dej'i'adJition products in wliioh the chlorophyll 
skelebni is retained leads us, as must frankly Ixi admitted, 
into a re^on of almost puiv. hypothesis; but for the sake of 
com])leteiu:HS it is necessary to deal summarily with the 
subject. 

Thu actual facts at the disposal of the investigator ai-o very 
few.^ Oxidation of pliylloporphorin pi*odu<'.es more than one 
molecular (puiiitity of methyJ-ethyl-inaleinimido (1.) along with 
one molecular quantity of lueinatie acid (11.). IlcductLon of 
porphorins leuds to the formation of phyllopyrrol (111.), iso- 
hsemopyrnd (IV.), and crypLojn'rroI (V.). 


(!II...('-O.OJl5 

I I 

(K! (X) 

\/ 

Nil 

(I.) 


(.•II,.I'-fJOIU.OlI..00011 

■I w W 

on 00 

Nil 

(II.) 


OII 3 .O (:.c..ll, 

II II 

(Jii.,.(; o.uii;, 

\/ 

Nil 


(III.) 


nii.,.(; c.niiBiir, 

■ I! II 

ClL.tl OH 
' \ 

Nil 

(IV.) 


Olla.n O.OgHg 
II II 

ir.n n.orfj 

NH 

(V.) 


Krom tlie.se di.sjc.cted members it is necessary to piece togetlier 
the com])lete skeleton of tlio substance. 

Willstiiltcrs suggestions areas follows. From the naturt3 
of th(; above dugriulation pi-oducts he assumes that the origi¬ 
nal substance must have cuntaiiiud four pyiTul nuclei. Now 
since the composition of ictioporphorin, 03 i]{ 3 gN 4 , couttiins a 
markedly b)W jiorccntage of hydrogen, lie comdudes that 
the pyiTols must be so unibHl an<l substituted that eight 
hydrogen atoms are loft out as compared \^^th the case in 
which thq pyrrol groups am joined by single linkages. This 

> Willstiitter, Her., 1911, 47, 9831. 
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saving of hydrogen atoms ho proposes to accomplish by utiliz¬ 
ing double bonds or culling ring formation to his assistance. 
Next he assumes a dilTurence between pairs of pyrrol nuclei 
on the ground that two must be salt-forming radicles whilst 
the other two must be capable of complex formation. On this 
biisis he suggests the following skeleton for the substance— 


CH-CH. 

II ^ 

CH- 


/ 


N 


-CH 

< II 

-c 


CH = c; 




CH 




N’H 


CH-=.-Cfl 


JO = CH 

kh/ I 

^CH «CH 


And from this, by substitution, he fills in the fonnulcB below 
for jetioporphoiin ami I'Ptiophyllin : - 


CIlj-C— CH. 

II .N 

CiHs c—c::^ 


UH^CH 

I I 

M —CH 


CH--»CII 


CHj C- 


N. 


c,lh c— c 


,c- 


N. II II 

^^C-CH CiHsC- 
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> 

■c 


I I 
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CHj.C—C 

I 

OH 3 


su 


c«H< cjHjC-- 

I I 

^C--—CCHj CHjC — 


--C 


Cil 




CHj 


ActioiKirplioriii 


^C--- -C CjHs 

I 

i----C ^C--:=CCI 

I I 

CHj CUj 

Avliophyllin 


:Ciij 


10 ! The lidatUmt hrtwneu Ohloroithyll and HsBmin. 

In the higlier branches of the vtigetable kingdom, cliloro- 
phyll plays a most important jiart in the vital economy ot tlie 
organism ; whilst in animals an equally csseiitmL factor la 
the colouring matter of the blood. The parallel functioiis of 
the two compounds suggested that some similarity in nature 
might be traced l^tween chlorophyll aud liaeinin ; and from 
this point of view a survey of the chlorophyll problem would 
be incomplete without a brief refciunce to llio colouring 
material of blood. * ' 

Examination of the blood pigment shows that it is composed 
of two portions; im tdbiimiiious substanco called globin and a 
nou-albumiuous compound named hminatin. It is' with the 
latter that we are here concerned. 
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Both chlorophyll and htcmatin oru metallic derivatives, 
tho magnesium of chlorophyll finding its analogue in the iron 
of Junniatin. In each case the metallic atom displays an 
abnormal character; and botli compounds con bo freed from 
their metallic portion by similar treatment. Finally, when 
analogous degradsition methods arc employed in the two cases, 
iTtiopnrphurin is produced from both chlorophyll and hroinatiu. 
These facts aro sufficient to justify the assumption that the 
two substances aro related to one another in a more than super¬ 
ficial degree. 

When hmrnatin is treated with hydrochloric acid it yields 
hiemin; and the roactiou is supposwl to take place by tho 
replacement of a hydroxyl gituip by a chlorine atom— 

U:Fe-OH -> ll:Ke-Cl 

e 

H.Tinin has roctmtly been slimvn* to have the composition 
C., 3 l!;, 204 N 4 FutJl, which brings it into close reaoiublance with 
u]iloro])hylliii. It will l)o seen that the divalent magnesium 
atom of (!hloro])hyll is rcplacc'd by the divalent group: 
~Fc---01 ill liaunin. Willstalter and Fischer® have brought 
forward a liiimiin formula based to some oxtoiit upon their 
projiosud striictiiro for .'rstiojihylliii. Khster,® on the oilier 
liainl, rejects Iheir suggi'stioii and has put forwiml a formula 
of ills t»wn. It would require loo much space hi dLscuss the 
merits of eithm' hypothesis, especially in view of the fact that 
both are quite pissibly incoiTcct. In tho present yncertiiin 
state of our knowledge, it is siifficient to indicate the general 
resemblance between olilorophyll and hmmiii. 


IJ. Condumon 

As clilorophyll is a more tlian usually complicated subject, 
it seems well in this plcme to summarize very briefly the un¬ 
disputed information which has been acquired with regard to 
its constitution; for without suclj a sunimaiy tlie reader may 
feel that he is in tho position of the man who '* could not see 
tho wood for the trees.” 


1 WiilKtiittor and Piuoher, Zcitach. physiol. Ckem., 1918, 87, 423. 
* Ibid. * Kfistor, Xeitsfyi. physiol. Chem., 1913, 88, 377. 
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Amorphous chlorophyll, extracted from leaves, is found to 
bo a mixture of two compounds, chlorophyll-a and chloro¬ 
phyll-6, IjoUi of which are mothyl-phytyl esters. Tlie composi¬ 
tions of the two compounds are:— 


[(J32ir3oON4Mgj^«Q0j [^( V^lljj802N4Mg 

CJiluruphyll-cr. Cliluropliyll 


coocjrg 

-h. 


Phytyl alcohol lias been shown to have thi* fcllowing 
stnictiiit):— 


iJioIIai -C 'C- ailaOlI 

I I 

CII3 CJHg 

Wlien either of the chlurophylls is treated with acids, 
the m.'ignosium atom is remo\ed and its place is taken by 
two hydrogen atoms. The compound'^ thus formed are still 
methyl-phytyl esters; and they are termed phicopliytiiis. 
After hydrolysis of the phytyl radicle, the I'esidiio is a methyl 
ester called a phaeophorbido. The magiiosLum-froe acids from 
which the esters are ditrivod are named ])ha}oi>horbins. 

If either of llie cliloropliylls bo acted «ui by cold dilute 
potiLsh, the salt of a irihisii; acid is formed, LIk! acid itself 
being named a chloropbyllin. Uence, clearly, then' is a third 
carboxyl nuliclc in the chluro])hyll structure which is masked 
in some manner. 

Whep the hydrolysis is carried out at higher tenipcraturas 
iu the case of chlorophyll-a, carbon dioxide in split off and two 
isomeric dicarboxylic acids, glaucopbyllin and rbudophyllin, 
arc formed; while by the use of still higher t('tiipei'atures 1 
further loss of carbon dioxide results in the production of a 
monobasic acid; pyrropliyllin. 

Throughout these changes the magnesium uium is retiiincd 
iu the molecule; hut by subsequunt treatment with acids cacli 
of these decomposition products loses its mu|;aesium, wliich is 
rcplacoil by two atoms of hydrogen. In this w'ay fi-om glauco- 
pliylliii a siibstince named ‘glaucoporphorin is obtained; and 
each of the other phyllins yields the corresponding maguesium- 
freo porphorin. The decomposition of chlorophyll-6 proceeds 
in an almost exactly similar manner, though certain of the 
intermediate compounds are missing in its scries. 
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Whcu the porphorins 01*0 heated with soda-lime, the last 
carboxyl group of the moleoulo is split off, and a substance 
ft-tiopoiiihorin, (’ 31 II 36 N 4 , is forinetl. Tlic phyllins, when sub¬ 
jected to the same treatment, give tliu corresponding magnesium 
derivative mtiophyllin, C 3 iH 34 N 4 Mg. 

The action of cold alkali solutions upon cither chloropliyll-(C 
or chlcimphyll-^ results, :is has been said, in the production 
of a tribasic acid. This is found to be a mixture of two acids; 
so that from chlorophyll-ff wo get chloruphylliii-a and iso- 
chloropbylliii-a: and from chlorophyll-/^ two other isomeric 
chloiophylliu-d cbmjiounds are pinduced. 

Further, when clilorophyll and its derivatives are tritat-ed 
with alkali they exhibit a peculiar colour change, turning 
from gi-cen to brown and back again—tho so-called “brown 
phsise ” of chloiophyll. 

Tho inagnosiiim atom in the chlorophyll molecultt is ro- 
tained with a measure of affinity different from and gi'oater 
than that which wo am accuritoiued to find in oigaiio-mugiiusium 
<lcrivutivcK. 

Finally, the nature of the ultimulu degradation products 
of chlorophyll points to Lho jimllability that llic chlorophyll 
molecnlu contains four pyrrol nuclei. 

Tho foregoing suiiiiiiary cuulains all tho important JocIh 
which have been estiiblLshcd with ruganl lo the stnicture of 
chlorophyll; and wo must now deal with the thoorios which 
liave been udvancod to arconnt for tlicni. 

'J'he mystery of tlie third carlioxyl gmup in the (,'lilorophyli 
nucleus has suggested that this third carboxyl may be masked 
by lactam forinatiou in wliich one of the iiitrogeu atoms of 
cliloiMphyll takes part. This view leads to tho further 
hypothesis that, since there am three carboxyl groups and 
four nitrogen atoms present, a cuiisiifcrablo iiumlwr of ]iOssible 
lacUm rings might be imagined, diil'eriiig from one another 
in stability. Thus in one isomer it is .'issunied that the lirst 
cai'hoxyl radicle forms a lactam with tho fii'st nitrogen atom; 
wliilo in another isomer tho lipt carboxyl reacts with, say, 
the second nitrogen atom to form a new la(:cam. On this 
hypothesis, the “ brown phase ” of chluropliyll represents the 
breakiivg of one lactam ring and the mclosing of the molecule 
into a more stable hictum grouping. 
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As to tlie structures proposed for sstiophylliii and setio- 
porpliorin, their plausibility depends entiraly upon the judg- 
iiieiit of the reader; for it cannot l)e asserted that they have 
nmcli solid basis; whilst as to the positions which the carboxyl 
groups of chlorophyll occupy in the fetiophyllin skeleton, not 
even the must random conjecture can be put forward witli any 
justice. 



CHAl'TKU IX 

TI1I3 ANTllOOYANINS 
1 . Intradmtory 

An uyamiiialiiin of plant pigments proves that they ore, roughly, 
(liviaihle into two classes. On the one hand wc have the plastid 
pigments which are in some way intimately associated with 
tlie orgiinizcd protoplasmicstriictnro of the plant; whilst on tho 
other hand wo have soluble pigments, existing in solution in the 
sap of cidls. 'riiese soluble pigments are termed anthocynnins.^ 
In view of the number and variety of the tints exhibited 
by flowers, it may appear that the term anthncyaiiin is a veiy 
loose cine covering a multitiule of colouring materials whose 
only ndatioii with each other lies in the fact that they occur 
naturally in the sap of ])lants; but recent research has shown 
this idea to be erroneous. It seems pnictiially estulili.shed that 
the separate anthocyanins contain similar nuclei, no mattei* 
how much they may dilfer in colour from one another; and 
the wide variations of tint in flowers are to be .'uscribed to 
slight alterations in coiistitutiun w'liiuh leave the main autho- 
cyaiiiu skeleton intact. Thus the anthocyanins may be re- 
ganled as a chemical class in the same w'ay as it is customary 
to speak of the i>roteins, tho carbohydrates, or tho fats. 

Although 250 years have passed since Hoyle ^ published an 
investigation of the colour changes which take place when 
extiucts from flowers ai-e treated with acids and alkalis, it is 
only quite recently iluit much progress has been made in tho 
study of the antho^yauiii group.*'^ Tho unstable nature of the 

* A comploto account of tho history of tho anthocyanins as well as of their 
botanical significance is to bo found in Miss Wbeldalo's book, Tlie AtUho- 
cyanin Piynunta of Plants (I'JIG). Jfor brioTer aoconnts, see Evorost, Seiencd 
ProgrcM, ]'J15, IX., 597, and Willstiitter, Ber., 1914, 47, 2831. 

* Itobort Boyle, Experitaents and Conauleratims Toachittg Colours, 1664. 

* A comploto bibliography of tho literature is to bo found in Miss Wbeldalo’s 
Anthocyaniti'Pigmonta of Plants, or in Porkin and Evorost’s Natural Organic 
Colouring MtUters, 


ai; 
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conipoimds aud the difficulty of pruiKiring them in a pure state 
militated iigaiust research in this field. It was not until 1903 
tliat lui •anlhocyauin was first obtained in a crystalline condi~ 
tion by Griffiths.* 

The next important stage in the history of the subject is 
marked by Grafe’s discovery* that certain of the anthocyanins 
occurred in plants in the foini of glucosides. 

Meanwhile, on tiie botanical side of tbe problem a consider¬ 
able amount of work bad been carried out, chiefly dealing with 
the mode of formation of tlie authocyanius in plants. Miss 
Whehbile* first suggested that anthocyanins might be formed 
fi'oui glucosides of the flavone or xanthone series by the action 
of oxidases; she indicated that there are a certain number of 
onthocyaiiiii types which give rise to a definite series of colour 
varietios.® 

Having now surveyed the outliiics of tbe luithocyanins' 
history from the ohemica) standpoint, .1 will be cojiveniejit, in 
tile remainder of this cliaptor, to ai)andon the chronological 
method and deal with the present-day work in an oi-der which 
will rteider the su1>jeot more readily cumproheiisiblo. 

2. Thv Metkinh of ]i.drat:tliuj the Pbjmenls from Floirim. 

The choice of a suitable raw material from which to extract 
(lower pigments i.s the lii-st stop which must be taken; and 
here two alternatives [unsent themselves, for either fresii 
flowers hr dried petals might he selected as th(‘. best soiii'cc of 
the n^quired prodnot. The anthocyanins, under curtain con¬ 
ditions, arc unstable substances; and from this point of vhnv 
it might be thought best to work up ii'csh flowers rather tliMii 
to risk the chance of doconqiosition taking place during the 
drying process. As against this, there are certain ]irautiual 
arguments. In the first place, plants ara in flower only during 
a short period of the year and in certain deflnitu localities ; so 
that the choice of frash flowers as a source of anthocyanins 
would entail the necessity^ of carrying out the extraction of 

' Griffiths, 0/tf'M. Newn, SB, 249; Bcr., 1903, 36, 9959. 

- Grafo, Sitzher. b. Altad. Wien., 190G, 115,1., 975; 1909,118, L, lOllS; 1911, 
1£0,1., T>5. ' Misrt Wholdale, Vroc. PhU. Soc. Catnb., 1909,15,137. 

* IbUl., r'roc. Jtoy. Soc., 1909, 81, H, 4J. 

* Nioruiislein and Miiw Wholdale, Her., 1911, 44, 3487. 
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tho pigment at fixed times and places, and would demand the 
simultaneous collection of a vitry large number of flowers if 
any great quantity of raw material wej'e rciquirod. Secondly, 
in fi-csh dowers the plant enzymes are still active, and their 
indueuce might make itself disagreeably marked in the course of 
the extraction. Tho substitution of dried pettils for fresh dowers 
obviates botli these dilliculties, but 011 the other baud tliei-e is 
the possibility of a loss of anthocyanin owing to dccoiiiiKisitiou 
during the pi-oocss of drying, lialancing one set of disiulvantages 
against tho other, it is found in practice better to employ the 
dried material than to use fresh flowers; and the extraction is 
generally caiTied out by using finely ground dried petals. 

The solvent chosen for the removal of the pigment from 
tho petals of dowers or the skins of berries varies, of 0001 * 86 , ac- 
coiding to the nature of the anthocyanin present. In the case 
of the cornflower,* water alone sudices to dissolve the colouring 
material; hydrochloric acid in methyl alcohol solution is used 
in the(<ases of the rose,® the hollyhock,® the mallow,'^ the peony,® 
and the bilberry; ® diliito alcohol is employed to remove the 
pigments from the larkspur^ and the scarlet polaigoniuin;® 
whilst acetic acid us found to he the b(\st solvent in the cases of 
the giapc ® and whortleberry.^" 

After the jiigment has been obtained in suluthm it may be 
puriiifid by one of three main methods : — 

1. rrccipitation and crystalli/atiuu of the cliloriilc. 

2. Piiridealioii by suitable reagents and crystallization of 

tlie chloride. 

3. Se{)aratLon in the form of a ])icrate and subsequent con¬ 

version into tlie chloride. 

Under the first hesid come such cases os the precipitation 
of the chloride from alcoholic solution Isy means of ether. 

‘ VVillstattor aad Evoreat, Anna/en, 1013, 401,180. 

■ \Villstiitt6r and Nolan, ibid., 1015, 408,1. 

* WillHtttttor and Marlin, ibid., 110. 

* Willstiitter and Miug, ibi/I., 100. 

* Willsltillor and Nolan, ibid., 136. 

* Willatattor and Zolliugor, ibid., 86. 

‘ Willatattor and Mieg, ibid., 61. 

1 Willatiittor and Bolton, ibid., 42. 

* Willatattor and Zollmgor, »bid„ 86. 

Willatattor and Iklulliaou, ibid., 15. ■> ibid., 160. 
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Examples of the second category are to be found in the pre¬ 
paration of the corniiower pigment, which occurs os an alkali salt 
and can bo purified by precipitating its aqueous solution with 
alcoliol; and in the purification of the lark8X)ur anthocyanin by 
heating it witli dilute hydrochloric acid. Ln the picratc method 
the picratc is formed in the usual manner, purified, and then 
(lecoiiq^osed by a concentrated solution of hydrochloric acid in 
motliyl alcohol. 

3. 77c(' Oovustitutions of Gyanin ami Gyanidin. 

The ])igmeut extracted from the curnfiowor is tenued 
cyanin; and it is generally prcpai-ed in the form of its chloride, 
which is found to have the composition (’ 27 ^r 3 iOig(.'l.' When 
this substance is heated for a lew minutes with 20 per cent, 
liydrochloric acid, it is hydrolysed, y'elding two molecules of 
glucose and one molecule of a crystallttte sulislance wiiicli has 
been named cyanidin cliloriile^— 

lisCl + -HgO — CijTfuUgfJl -|- 20^11 j20q 
C'yanin chlorido. Cyanidin chloride, ducoso. 

This reaction pi-oves that cyanin is a digluc.oside of the new 
body, cyuiiidin; * and, since glucose is colourless and cyanidin 
is coloured, this cyanidin forms tlio (diromophoiic [lortion of 
the pigment molecule. 

The general striictnra of cyanidin has* been established by 
its synthesis from quercetin,’* and it may be well trt give the 
complete ipyntlietic process here, in onler to show how cyanidin 
can actually be prepared from purely artificial materials. 

In the Kostaueuki synthesis^ of quercetin (see scheme on 
p. 221), 2-hydroxy-4 ; G-diinetlioxy-!Ujetophcnono (I.) is* con¬ 
densed with dimothoxyprotocatechuic aldehyde (If.) yielding 
2'-hydroxy-4': 6':3 :4-toti‘auietlioxychalkouo (III.). On heat¬ 
ing this for twenty-four hours with dilute hydrochloric acid, 

1:3:3': 4-tetFametboxyflavoiione (IV.) is produced. Treat¬ 
ment of this with amyl nitrite and hydrochloric acid converts 

' WillsULttor and Ncdan, AHnaleu, 1914, 408,1. 

* WiUfitiittor and Evorust, AnHolen, 19LH, 401,1‘. 

* From this is dorivod the oliuw-iiamu anfftocifaHidnis to indicate the non- 
glneosidal portions of the unthocyonine. 

* Willfatattor and Mallison, SiUungaber. K. Akad. iftss. Berlin, 1914, 7C9. 

* Kostanocki and Tambor, Her., 1004, 87, 793; Koetanfseki, Lampo, and 
Tambor, 1402. 
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it into the coiTesponding isonitroso-conipouml (V.), the methy¬ 
lene group next the carbonyl being attacked in the usual way. 
Hydrolysis of the isonitroso-compound splits olFliydroxylamino, 
leaving a ketone (V£.); after which isomerization occurs by the 
production of the enolic form, resulting in the production of 
1:3:3': 4'-tetraniethoxyflnvauol (Vlf.), which ou dcmothyl- 
ation with hydriodic acid yields quercetin (VIII.). Wlien 
quercetin is reduced with sodium amalgam or magnesium in 
alcoholic solution containing hydrochloric acid and mercury, 
cyauidin chloiide is fonnod, though the yield is very small. 
Apparently the reaction involves the formation of an inter¬ 
mediate product (IX.) which then loses a molecule of water, sis 
shown in the scheme. 



I 7 

oir II 

Cyanidhi chloride (X) 
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An examination of the formula ascribed to cyanidin chloride 



will rIiow that it contains a iHicnliar heterocyclic nucleus: the 
pyryliuni eystom • which was <liscoveTe<l by Decker and Fel- 
Icnberg.^ The resisoTi for nssninin^ that tliis ^'rou})iu^' is 
present lies in the (‘onsideratiou of tlio htisic natnie of the 
cyaiiidin molecule. Most of the oxonium salts, those of di- 
uielhylpyroiiu, for cxnnijilo, are susi;‘'.|)tib]e to hydrolysis in 
iiquetms solution ; which |joints to thi; onliiiary oxonium com¬ 
plex being weakly basic. Tyrylium conipmuids, on the other 
band, ni’O much more stable in solution than the commoner 
oxoTiiuni derivativos; and the l>ehaviour of tlie cyauiu salts 
in this icspect tomls to puive that they resemble pyrylinm 
dcrivativu.s rather than such com])onnds a.s dimothylpyrouu 
bydrocldoridc. The analysis of the cyajiiii salts also indicates 
that they arc not akin to the noinuil oxonium hydrochloride, 
us they contain too little hydrogen to correspond with such 
a structure. On these grounds the pyryliuni formula lins 
been ])n-fciTed. 

From those fads it is clear that the aiithocyaniu cynnin ib 
a digincosido of cyauidin, which is a pyryliuni derivative of 
the stnictuFO shown above. 


4. The Vropertu^ of Cyanin ami (Jyanidln Ohloi'iden, 

Tlic chloride of oysnin, when prepared in tiie usual manner, 
contains tw'o and a lialf molecules of water of crystallisation. 
Under the micmscopo, its rhombic leafloLs appear tinted bo> 
tween grey-violet and brownish-yellow. In dilute solutions 
of sulphuric acid it appears red with a tinge of violet It 

* Thin id what Collie tennod " oxene." See p. 254. 

^ Dookor and FoUenberg, Aimakn, 1908, 364,1. 
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is very slightly soluble in cold Avator, alcohol, or dilute sul¬ 
phuric sicid; but is easily soluble in hot water and modemtoly 
soluble in 7 por cent. acid. When sodium carbonate is added 
to its solution, the colour bocuiiics first violut and then blue. 
Its behaviour when its aqueous solutions ai-c diluted is peculiar. 
The colour of the solution weakens much more rapidly than 
might be anticipated aud the solution may eventually become 
colourless. I'hc tint of the anthooyanin can be i-estored either 
by evaporating the solution or by uihling a large excess of acid, 
ft therefore seems rciisonablu to suppose that the cose is one 
of hydrolytic dissociation accora[ianiod by intramolecular re- 
arningemont. With ferric chloride, cyanin gives a blue tint 
in alcoholic solutions and a violet tinge in iujiicous solutions; ^ 
whilst with lead aoctatc it gives a characUtristic lend salt.*'’ 
Turning now to cyanidin, it. is found to crystallize with 
one molecule of wate.r, which is retained with extraordinary 
tenacity. It is a brownish-ml suhstaiicc giving, when dis¬ 
solved in diliil.(‘ acids or aleohol, a ml solution witli a tinge 
of violet. Insolnble in water, it is nuulily soluble in alcoluds; 
ver}' slightly sohible in »lilul<* liydrocliloric acid but compara¬ 
tively soluble in 7 i)or cent, sulphuric scid. With sodium car¬ 
bonate it gives the same colour cliange as cyanin, turning lirst 
to blue and then to violet. The hydrolytic dissociation of 
cyanidin is much mure marked than that of its parent antlio- 
cyaiiin; for when hoi. water is added to its alcoholic solution 
a violet prcjcipitate is produced. The reaction with ferric 
chloride is sliglitly diiferent also; for in alcohol a stable blue 
coloration is prodiicod by cyani<lin; whereas in aqueous 
alcoholic solution only an unstable violet tint is observeil.” 
As in the case of cyanin, load acetal 0 yiold.s a chanictcristio 
salt of cyanidin.^ 

The nature of the colotirless modifications which are 
obtained by hydrolytic (lissociation from l)oth cyanin and 
cyanidin is not very clearly understood. In the case of 
cyanin chloride, it is foundthat decnlorizatiou takes place 

■ I 

* Willitiittcc and Mioff, AnnaJea, 1016, 40B, 134 

* WillHUittnE and Kverest, Armnlnv, lOlS, 101. ‘225. 

* Willdtattor and Micg, dnna&tt, 1916, 408,135. 

* VVilliitiittor and ETnreat, hinaten, 1913, Ml, 329. 

* Everost, Proc. Boi/. Sue., 1914, 87, B., 444. 
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when tho chlorido is heated for a short time in dilute alcohol at 
80^ C. The decolori/ud substance has properties resembling 
those of a yellow flavonol pigment; it is soluble in ether; 
colourless in acid solution, yellow in alkaline solution; from 
acid solutions it can be extracted with ether, from which it 
can be removed by shaking with alkali. On boiling with 
acids the colourless variety is reconverted into the ordinary 
coloured cyanidiii salt. 

Everest ^ suggests that cyanin chloride exists in solution as 
an ccpiilibrium mixture of (1.)* and (II.), and that one set of 
conditions favours the stability of (T.), wJiilsl under other con¬ 
ditions (II.) is the more stable form. 


(Jl Oil 



Oil n ([.) 


(Julduroil. 



II i.'i (111 

\ 



CulourIcsH. 


A distinction between authoeyanins and the correspouding 
anthocyanidins is found in the fact that amyb alcohol dues not 
extract tho former from acid solutions;' but if the solntion be 
hcate<l HO iis to hydrolyse the anthocyapius to anthocyanidin, 
the latter passes into amyl alcohol readily.^ 

* KvoruBt, Proc. Hoy. Soc., 87, U., 444. 

* The glucose molecules are omitted from the formnlri. 

■ WillsUttor and fivorast, Annalen, 1918, 401, 205. 
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5. Tlkx Sf/nth&iiH of VtJnTtjQuidhi. 


The flowers of tlie scarlet ptflarguniiiiii arc found to conttiin 
an anihocyanin which has been named i>elai^onLn. This sub¬ 
stance when isolated in tlie form i>f its chloride is shown to 
have tlic composition 027 ir 3 i()i 5 Cl, and to contain, in addition, 
four molecules of water of crystalli/ation. 

On hydrolysis it pi-ovos to ho a slucoside, and yields two 
inolecnles of glucose and one iriolueulu of a siibslance pelar- 
j'oiiidLii chloride, akin to cyanidin chloride, and having' the 
composition CisirnOflCl with one molecule of water of crystal- 
li/alioii. 

Pelargonidin' has recently heen syiithesi/ed iu the followint' 
manner: !>: 5 : 7-tiiineLlio\ycoumarin (I.) allowe<l to inter¬ 
act with m.i-jfnesium anlsyl bromide (11.). When Llie* inter¬ 
mediate compound (1II.) is hydrolysed with hydrochloric acid 
it yicld.s aiiisyltrimcthoxypliciiopyryliiim chloride (IV.) which, 
after demclhylalion witli hydriodic. acid and tuiatinont with 
hydiDchloric acid, produces a substance'. iudistiiij^nishahle 
cliemieally or s])ecfro.scopically from n.d-ural pelar»oniilin— 
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n. TIni Comtihitiom of Drlphinin, ami DclpMnUlin. 

The antliocyauin o'' the larkspur is termed delphiiiin “ and 
with it a slii^htly more CfOmplisx lichl is eniered. A fjluiice at 
the formula of delpliini 11 chloride: > 211 51, shows that it 

1 WillHt'iitf.cr and Zochinoiitor, SitsuHgsber. K. Akml. Htsa. Jierhn, 
1911, S8G. 

Williituttoc and Miog. Annaloti, 1916,408, fil. 


0 



326 RECENT ADVANCES IN ORGANIC CHEMISTRY 


has a inolcculfli weight of 902 as cfitnparoil with 646 for 
oyaniii chloride; so it is uvidcot tliiit tlie former substance 
must contain some heavy radicle in addition to those found 
in oyaiiiii or pelargonin. 

Hydrolysis of dulpliiniir proves the correctness of this. In 
addition to tliu ]jrodiicts wliich niiglit ox^Htetod (glucose and 
delpliiiiidin) two molecules of ^'-hydroxybenzoic acid make 
liieir aiipciiraiice; so that the ucpiation for I he reaction may 
Im* written ihns— 

h4U,o - 3(:.,ii,*OH-f-3iio.nji{,.(;ooFi-j-c,sii„o.(’.i 

I)(>l|iliiiiiii I'liInrHlc. <ihii‘v-e. /i-llyilnix\liciUfiiL* IH|iliiniiliii 

iii'iil, rltlitriili*. 

It apiioiirs front this tliiit d(.d]>liinin,like tlic other iinthocyanins, 
is a glncoside; Imt that two iif its 1 ydroxyl radicles are osiori- 
iiud with ;)-hydro\yh(Mizoic aehl. H'^hicli of the hyilioxyl 
giouits are tlms alll'cUjd is not known delinitoly; Init by 
analogy with iK>])nlin nnMizoylsaliinn) it is asaiinietl that lint 
beuzoyliilion takes phito in the glucose chain and not in the 
dolphinidin portion oflhe niolcciile. 

The next sbigu in the d(Mliictimi of del |>h in in’s coiistitutiun 
is lUiide by comparing the funnuhi' of pelargonidin, e.yiinidin, 
and dclphiuiilin chlorides: 

IVhiigonidin chloride <’ 15 ^^ 11 ^ 

(lyaiydJn chloride ^i;H 0 O(- 1 (()II)q 

Delphinidiu ciiloriilc <V,ir|i«>7ld or Ois116001(011)(,' 

The Citinpaiison suggests that the tlifleronco hotweeii cyanidiii 
and dulphiiiidiii may liit in the jniosence of an extra hydro .yl 
gnmp in the dclphiuidin inolecnlo. 

OoTifirmalioii of this view is obtaiiu'd when 1>hc results of 
liesiting the thnm compounds witli alkali are ouusidoi'cd. All 
tliroe yield phloroglucinol; so that they contain a common 
grouping. In nililition to the trihydric phenol^ however, 
pelni^onidin yields p-hydrt»xybonzoic acid; cyanidin produces 
protocatechuic acid; whilst delphinidiu gives rise to gallic 
acid. Prom this it appears a ruosonable deduction that the 
portion of the nioleciilo which produces p-hydroxybonzoic acid 
in the case of poLu^onidin is the same in nature as that which 
gives rise to gallic acid from delphinidiu. A comparison 
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between the two eatsiblielicd forinulie and the one su^^ted 
for dulpbiuidin will make the matter clear:— 





7 . OOiJtr AntImtfmuiM. 

Moiitioii must tiow bo iiuule c)f soino otlinr plant ]>i^mofita 
wIiLch uoiitiiin the skolelons wo liavu already desuiiboil, thoii};h 
the details of their structures have not yet boon'entirely 
cleared up. 

Pelar^ouidin forms the basis of the aiitocyanin of the 
flowers of the plant Salvia eoceinca. Tliis antbocyaniii is 
called salvianin; and on hydrolysis it yields pelargonidin, two 
molecules of dextrose, and a considerable quantity of malonic 
acid. It is therefore moro comidex in its sfcruoture than the 
usual flower pigment.^ 

In the summer aster occurs an anthocyaniu, callistophin, 
wliich on hydrolysis produces pt^argonidin and one molecule 
of dextrose.^ The same flowers yield a second autliocyaiiin, 
astorin, which hydrolyses into cyanidin and dextrose.*’ 

■ Wiilfltattor and Bolton, AwnaUn, 1916, 419,113. 

■ WUUtatter and Bqrdiok, Annalen, 1916,413,149. 

» JWei. 
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Thu :iiil]iur‘.yiiiiiii of Lliu wiiiLur astur is chrysuntliumin, 
(lurivod from doxti-osu and cyauiiliii. (Jyanidin also forms the 
i'oimdatiou for the colours of Zumbt elei/umt, Gaillardia hkolor, 
Hdeitiarn uutumwde, (Uadiolva Tidii>a Gesnefiana, Tro- 
prcolum mijiifi, Uuhest I'nbrum, the raspberry, and the burry 
of tlio mountain asli.^ The cherry contidns kumcyaiiin, built 
u]) from cyaiiidin, duvlroso, and rhamnosn; whilst the sloe 
owes its oolunr Lo pninioyanin, which is formuil from oyaiiidin, 
Thaninose, ami sonio as yet iiniduutiliod liexoso.® The plum 
also coiiiaiiis a eyaiildlu ■rliicuside.'* 

I'uoniii, llie anlihucyaniii of the |X‘ony, b(‘1ong.s to the cyanidin 
series. Li is a digliu-osi.lc of ]ieonidiii, which appuimi to be n 
methyl deriviitive of oyanidiu in wliieh the methyl ludicle 
roplatjus a hydroifun atom of mu* of the hydmvyl gitaips,’ 
Another e.yaniilin derivaiivu is idai-.in/'i!ic authooyanin of the 
wiiorthiberry. It difl'ers from the usual '.ypu of anthoeyaniu 
in (hat it is a galactosido and not a glimoside. 

'J'he ]Kippyoontaius two aiithocyanins, one of them, mo(to- 
eyaiiin, being a cyanidin ilerivalive, whilst the other rcsombU^s 
the glm*.i*sid<*s of delphinidiu. 

Turning to delphinidiu <lerivali\es, it is found that tin* 
]KUisy owes its (‘olour to the anilioeyiinin violanin,'' which on 
hydrolysis yields dolphinidin, rhaninose, and some as yet uu- 
identitied ho\ose, though theso three ]irodue.(s do not oeenr iii 
e.i|uimoh‘culin'quantities in the n'aetion iiii\ture. Monomelliyl 
ethers o(* didphinidiii are found in inyrtillin,*^ the anthoeyaniu 
of billjurries, and pel unin.'' the anthoeyaniu of petunias. I>i- 
meihol ethers of delphinidiu have ho(‘i> isohiUnl froin oenin,'" 
the anthoeyaniu of gra])(}s. and from malvin," the anlhocyanin 
of the w'ihl mallow. 

Kinally, mention may he made of a glneoside ainpelosin, 

^ WnishitLor iind IjuIIud, Antuilen, lOlG, 41SS, ISG. 

^ Willsliittor and Zullingor, AnntiVn, iOlQ, 412, \M. 

‘ Ibitl. 

^ WillsHittor niid Nolan, Antwha, ItMS, 408, ISO. 

* Willsliitli'E and MaKisou, .Imuft'in 1015.408,15. 

Wi1Lsliitti-r and Wcil, Annah'ii. JUlG, 412, SSL 

- IlAd., 178 . 

^ Willslattor and Zollinger, ilwu/'cii, 1015,408, 8S. 

* Willntiittcr and Itiirdick, AnnnVn, IGIG, 412,217. 

WilIxLitlor and Zolliiigur, Aniyihu. 408, 8S. 

WillHliilitor and Miog, .Iniuilra, liU5, 408, 122. 
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which occury in tlio wild vine. Lis coiistitniiou hiis not yot 
buoii (letcriniiiod. 


8. The Anlhvctftiiihtd aiul the Flafio/ifs. 

It may 1)C of interest tu ]iuiiit out the similarity in structure 
which can he Iraeud iHitweoii llic flower pii'inuiit.s and the 
nattind dyes occuiTing in ])lunls; for the close rosuiiihlancu in 
tlic skeletons of tlio two classes may throw light in the ruliii'e 
upon die mode in which hoth types arc built up within the 
organism. Such a similarilv can hardly ho regarded as due 
to inci'e chance. 

Taking kampherul as a flavoite reinescmlativc, and com* 
])ariiig it with pelargonidin cliloride iis a typical e.x.imple of 
tlio aiithocyauiiis, it will be sim'ii that they h'‘ir a striking 
ruseniblaiice to 0110 another in general striictmv:— 
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'I'hc only dilli'i’onee betwtion Ihem is to I a- found in I he hetero¬ 
cyclic nueloiis; the one is a true ]iyione. whilst the other con¬ 
tains a —Olf — 'gi'oup instead of the carlwnyl ra<Iiclo; anil 
its structure is iheiiifoi-o more benzmioid in chariictor. This 
difference is, of coiirsej exhibited ifi their salts ; the kamphcrol 
Balts, being derived from a true ])yron(!, al1^ easily hydrolysed 
even in the sap of plants; whilst tlie salts of iiiilhocyauiiis 
are suflicieully stable tu exL'>t without decomtiositiou in the 
vegetable structure. 
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i). The Orvjin of Colour Variation in Plants. 

Ill view of the strong family I’esoiublauce between the 
various plant pigments, it may lie interesting to indicate the 
manner in which such closely related compounds might give 
rise to such gradations of tint as are shown in the flowers. 

An examination of the structure of pclorgonidin will show 
lliat it is cn]>able of.yielding various tyiics of derivatives: 
nietiillic salts like (II.), o.Yonium siilts like (III.), and internal 
others like (IV.):— 

Oil 



(IV.) 
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Tho importaaco of metallic derivatives of the unthocyanins 
has been emphasized by recent work on tho subject.^ Iterliiction 
of a Iluvono derivative by iiieaus of a inulal and a miiural acid , 
leads to a production of a red compound; but when niaguesium 
and an organic acid such os acetic acid is employed in presence 
of mercury, the colour of the ]>i'uduct is found to diverge from 
the uorniul red tint. Thus wiicii myrJeelin (1.) is reduced in 
this way, it yields green compoimds which have the com- 
position CihKiiOh . Mg . ()Ac, fMg(OAc)a]«. Tho roaotion 
apparently procecids in stages. In the iirst slsi^o, tlh‘. phuno- 
pyryliiim derivative (II.) is formed; which then passes by 
elimination of iicetic acid into (111.), which finally unites with 
magnesium acetate to produce (LV.) (see ]>. 232). 

if, instead of inyricetin itself, a rhamiiosiiio derivative, 
niyricitrin, is useil, tlie rosulting product is a deep hluc 
substance containing four molecules of magnesium acetatcv 
The dinbrenco between the reaction-products when mineral 
and organic acids arc employed has licen tmeed to tho fact 
that the radicle —Mg.fJl is replaced by a clilurine atom if 
liydrochlui'LC iicid is present in ipiantity; so that tlio end- 
product is the red oxoiiium chloride. 

Basing themselves ujion those results, Siiibata, iShihata and 
Kasiwagi suggest that metallic complex salts of the type— 

MX 
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IMN'-J,. 

I vn 

oil 



are iinporiant factors in flower coloraiiun and give rise to the 
'* bine ” anthocynuins. The metallic atoms wliicli they contain 
(indicated by M in the formula) aro probably culciiiiu and 
umgnesinm. TIjo "violet” and*"red” pigments are assumed 
to be complex salts containing fewer hydroxyl gioui^ than tho 
"bhio” ones; or to be mixturos of the “bine” compounds 

Sbibata, Shlbata and Koniwagi, J, Amur. Chem. Soc., lUlU, 41,208. 



!32 Rf-XENT ADVANCES IN ORGANIC CHEMISTRY 


OH 



liO 


Ac. OMj;. ()Ac. 

\ 




O' 


(HI 
|[ OH 
OH (II.) 


OH 

/ 

>.()ll 

\ 

\ 

OH 


Mu'.OAr 


HO 








I I 

OH 


(HI 


(IN.; 


OH 

'.OH 



UH 011 


(IV.) 



THE AaSTHOCYANINS 


S33 


with 11 uui'taiii quantity oi' the R'd uxnniiiui Halts which liave 
been formed from the "blue'’ derivatives by decomposition 
with acids. 

The existence of these various tyjios would Ix) coiiditionoil 
by the nature of the sap in tlie iieighliourhood of the pigment; 
and as the sup must obviously he more highly concentrated 
the iieavcr we go to the eviqioruting surface of the ]>elals, it 
is evident that variations in the .structure of the pigment muHt 
he expected. Again, the .sa|i in curluin parts of the plant may 
1)0 mure nlkalino than in others; and as the cyanidins are 
imlLcatui'S, it is clear that their tint will he aifected by thi.s 
factor also. 
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TJIK NA'riJKAL 
I’llODUOTS • 


SYNTUKSFib OF VI'J’AL 


1 . hiirotivcUn'y 

WiiKN wo survey that iiojiJuu of organic clioiuistry which 
<Iuu1k willt cuitipuunds (lerivcd from natural soiiruus, it is iin- 
poNsihlu t(i overlook the fuel that, ultliongh we cun synthesi^sc 
msuiy of ilio.se su1>stauces in our laboratories, the methods 
wliieh wo employ there difl'er entirely i om those which are 
utilized in the naliiml production of the same substances by 
physiological or phytological moans. 

The fimt groat dillerenco between the lines of syntheses is 
found in the ranges of teiupemUire employed in the two cases. 
In the plant or in the animal body, the resictions which build 
up extremely complicated products take place, obviously, within 
very narrow temperature limits; whilst in our laboratories we 
employ conditions varying from one another by as much as 
300** 0. Not only so, but we press int«j our service reagents 
of such iiistabiUly and roaotivc power that it is iiuiiossiblo to 
(soncuivo their coming into existence at all in' the animal or 
vegetable kingdom. 

It may Imi arguetl Uiat this is only natural. Afror all, oui- 
oliject ill Laboratory practice is to obtain the liost yield in tlic 
shortest time; and a resort to natural methods may be re- 
ganlcd with the same distaste as might be shown by a traveller 
from Loudon to Inverness at the suggestion that ho should tear 

r 

* aVhen this chaptor was under con^dcration, Professor Collie, at my 
roi^uost, sent mo a uummunicatiop embodying s<}mo of his views on the sub¬ 
ject ; and these appeared to mo to nocossitotc the re-writing of the major part 
of the chapter oti the basis of his notes. To avoid ooutinual xofcreuco to this 
private oomiiiunicatioii and at the same time to indicate his share in the 
matter, I have placed a t at the beginning of each paragraph which is derived 
from his notes.—A. W. S. 
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up bis first-clttSB Riilway Lickut aud perfurm his journey on 
foot. But oil the other side Ihcre is suiuetliiu}; to be said also. 
Very little is as yet kuown with rej^iird to vital syuthesus; and* 
it is quite possililo that the methods adopted by the living 
iiiaehiiie, when we come to iindei'staiid tlioiii, may bo simpler 
aud more elBcieut than our ])resent-day laboratory reactions. 
Even if this view proves to be erroneous, there can lie no doubt 
that attempts to throw light upon plant and animal methods 
will broaden our outlook upon oigaiiic cliemistry as a whole; 
for at present organic chemists, almost without exception, leave 
this brunch of the subject severely alone. 

t One reason for this abstention is perhaps to be found in the 
manner in which our chemical litemturc is compiled. In the 
textbooks of the subject, tlie naturally occurring substances are 
not grouped aucordiiig to tJieir place of origin but are airangod 
under the headings of alcohols, acids, clo., and are scattered 
about the literature merely to lill up giips in long lists of arU< 
ticially pieparcd compounds.' (trganic chemistry of to-day is 
not properly organic chemistry at all, but lias swollen into a 
ehemistry of thousands of carbon compounds wliich do not occur 
in natuie. Many of these synthetic compounds are the result 
of the immense iiidustiy of cheiiiists who have been misled by 
the idea that a new coiniiuund must necessarily be inteiosling; 
and also of the very narrow outlook of certain other chemists 
who think that a graphic formula is tlio be-all aud end-all of 
tho science. 

fOf course the chief reason why in textbooks find so 
little information about “ how ” and “ why ” certain compounds 
arc produced in plants and animals is because we do not know 
the answers to the questions involved. Ln the phiiit, for 
example, tliere appears to be no .step-by-step process for 
making more aud more complex materials, os we do in the 
laboratory. Carbon dioxide, water, anti nitrogen, combined 
or otherwise, are absorbed by the green plant in sunlight. 
Tho first substances wliich can bo isolated from the reaction 
products ai'e sugars, .the next tmes arc the highly complex 
starches, celluloses, and proteins. All tho organic compounds 

*■ llooH and IliH’H Chemistry of Tlaut rroducia (1917) gives on excellent 
survey of the “organic ” field, and should be consulted by anyone who dosires 
to go further into tho sulijoot. 
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siu;li as Jiftuls, ustei's, fats, c-olourinj; Jiiattors, aiul alkaloids 
arc most ])rol»ably foTiiicd by a dou-ii-gradc ])rocess; a do- 
‘ com position of tlio starchoH, ccllulosos, and proteins. The 
choinist in bis laltonitory seeks to make Ihese comi)ounds by 
syiiLliescs frrmi simpler bodies; tlie plant appesirs to pi-oduee 
ilium by a I’eversc (ijHti-alion Inmi stored-up material of au 
extremely (‘-omplex moleculnr .'tlnieLure. 

fSonu! of these ilown-^iriHU' processes ean bo followed to 
a e'Tlaiii extent in the laboratory. (Jellnloses, starelies, and 
proleins (jau l>e hydrolysed, oxidizinl or otherwise deeompo.seil. 
lint onr methods, as a rule, are too violent; and the line 
^'rados of reaction which take place slowly at ordinary Lom- 
peraLiires in [dants ha\e, up to the jireseni, lielied imitation 
ill the laboratory. 

t Neverlheh'.s.s, wo must ii-a. lose sight of the fact that 
although natural read ions often snuii to o]iorate iu a way 
(piito diflerunt from laboralory reaction-i. yet both sets must 
olx'y the same law.s. 'riiereforo, if wi.* find that in the syiithetie 
pro('.e.ssos of onr lalioriitorios eerlain lines are followed under 
('.onditioii.s which could exist in plants, wo tiro not far wixaig in 
assuming fhal, in the down-grade processes of nature, ihe same 
general diniclion will be t.iken in Ihe Ibrmation of prodiiets. 

t Another point arises hei'e. All reacLems whieli an* likely 
to be employeil in vital syntheses are it;\eisible; and hencr* 
if Ihey be earned out in glass test-tubes they must count to 
an L'i|uilihrium point, o\eupt in ihosc eases wherein gaseous 
lU'odiiets'are formed. I Low, then, does the plant siieee.i'd in 
prodinuMg ils high yields of certain siibsLaiices wliltdi, in a 
Lest-LiilR‘, would bi^ fornntd only in niJiior rpiaiitities 11*0111 the 
same I'uagent.s? When we examine the living plaoi, we are 
at once stniek liy the wonderful mocliaiiLsm of the natural 
ciiemieal laboratory wiiicli wo find lh(*r<‘. It is a system of 
tost-lulx‘S nuule of eellnlose and dilferiiig from onliiiary test- 
tubes ill that the wiills are ooiisLrueted from semi-iiermeable 
memln-aiies. Kaeh collulose test-tube is imincrsod in a solution 
diileriiig from that which hi contained* within tlie cellulose 
vessel, 'file niemhrune acts not only as a container, as the glass 
test-tube dues, but iu luldiliou it behaves as a tiltcr, a con- 
cuiiti-ator, or u separator. Thus during the progress of, a down¬ 
grade reaction in whieli a complex molecule is broken up into 



NATURAL SYNTHESES OF VITAL PRODUCTS 237 


constituent parts, the cellnlosi' wall jMsrmits a certain product 
to accii Mini ate in one jiart of the jilant whilst a luixturo off 
other compounds may 1 h* witlidr.iwn to a difl'ereiit region. 
In this way the onliiiary eipiilihriuni stage of the reaction 
in evaded ; and much highiM* yields may thus he attained. 

t Ihit \i hat starts this down-grade proci‘s.s ? Once the plant 
has synthesiziid its starches, etc., why are thoso substiincus not 
stable, as llu-y are when we place them in hotlh's in a chemical 
niu.sonm i To annwer this qiK'stion wc must know how the 
])l:int giw.s; and wlial is meant by a living material as 
(j])po.s(>d to d(‘ad matter. The diflerence.s between tiio I wo 
arc iiiiieh too marked In allow of disjiiite. 

t W'hon a cryslal grows in a .sohition, we may ix'ganl tint 
|>m‘i>ss as the first glimmering of individual life in that par- 
lieniar siihshimte. Inlinilelv more eomplev is the growth of 
proto]ii:i!!nii from I'ai-lioii, hyilrogcii, nitrogen, and oxygen; 
tlui smallest ]iurti(‘1e of iii-oloiilasm is ineoiiceivahly greab-r 
Liian llie atoms from which it has bi'on built up. Still more 
eomple.x is the growth of a plant from the. .seed. In all tiie.se 
I’UKcs a «lirectivi' agency senns h) be, at work. Whether 
further investigiilion will or will not .show that all these 
phenomena can Ih^ e.xplaim'd hy purely chemical and pliysieal 
l.iws, time alone can show : but it is quite cerhiin that at 
pii'.scnt the oidy scicntilic eoursc* Js to sulinit that we do not 
know. The chcmicul reactions wliieli take place in the living 
])iant aitj in certain r('spects so dillennit from Lho.S(! Which go 
on in the lahunitory thd. wi* are forced to recognize the action 
of soil!' subtle agency which, up Iti the. ]n'e.'!ent, wc have been 
ntiuhle to imitate. 

t fiet ns I’utnrii to the ilegradatiuii of the starche.s, ccllnlo.se.s, 
and proteins. The plant, under the action of sunlight, has 
.stoiiid ihe<«<‘ snlistauccs in its hoily and has giDwu to its full 
size-. The directive loifse. begins to got oxhanstoil; the plant 
is growing old ; most of ils .starches are now used up; and tlio 
eollulo.ses and jiroteins aro beginning to iindei>{e more and 
more mirnl decomiiosition. The ilown-griulc process has set 
in with increa.sing velocity. The plant Is still alive, hut tlio 
.system is losing instead of gaining enei-gy. Fermentations 
have hogun; hut fermentations will only explain a jx-irt of 
the pTOccs.s, for they are catalytic mictions wliich would, 
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normally, roach their equilibrium stages whether the plant 
«wei-o young or did. The en^tyines causing them arc chemical 
reagents which enable port of the siored-up energy in the 
plant to he set free again; hut the actual disturbance of 
equilibrium is due to the separation and segregfition of the 
reaction products by the sonii-permeald'e membranes. 

It seems nut im|)Ossible that the later stages in the life- 
history of ii plant arc brought about by some change in tlie 
iialnre of its ce.ll-walls, akin, perhaps, to the ossification of 
artC'ries which sets in within the animal body under suim*- 
what similar conditions. If, at this sbige, the colls ceased t(Y 
act ns senii-])OTmeable i.iombranos, the wlioh* macliinery of the 
plant would become choked with by-products, and the natural 
changes whicii ait^ necessary in living matti'r w'onhl gradually 
lunnc to an end. 

t During the growing phase of the ]>1.'i;it, starohes, cellulose, 
proteins, and (‘n/ymes are produced; hut os the plant ages 
the growing energy lessons, the cii/ymus g(tt the uiiper hand 
and pi-cy upon the substance of the iilant. They arc tlic 
parasites wbicb finally kill tlicir ptirciit. 

t ('oiLsidcring the inqiortancu of thu I'crmcnts in the scheme 
of nalnro, it is exlraonUnary to notice how very brielly they 
are refomid to in most textbooks of oigauic chemistry; ^ and 
the tcxtlH)ok roiluc.ts to a great exloiit the outlook of the 
average Organic chemist. It is hai'dly to ho woiidurod at if 
the luiw* gciieralioii of organic chemists, tiuineil by such 
methods, bttcomos imbued with an almost siipprstitious rover- 
oiice fur the deluge of ojgaiiic eoinjamnds wliicli ha^e Ijcen 
s^Miwned in thousands iu chemical laboratories for, aj>paroiitly, 
no useful purpose whatever. 

2. Tlie General Gonrse of Vila! Synihem aiul Deyradatvaut. 

t When the notion of the living machiue is considered in its 
broadest aspects, there seems to ho no^ doubt that it can be 
regarded as divisible into two opposed processes. In the first 
group come the synthetic reactions by means of which the 
prodnots assimilated by the plant or animal ore converted into 

* Haas and Hill, in their (llumialry of Plant ProAacU, give a very good 
siunmary of tfao nature of enKymoa and their action in plants. 
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oxtreiuely complicatod celluloses and proteins; whilst in the 
second class arc placed those decompositions and changes which^ 
convert the celluloses and proteins into simpler substances 
The first series of reactions are probably cnrrieil on with the 
absorption of external energy; the second group orimprisos 
reactions which lilicrate iliis onoi^y once more. It may be 
convenient at this point tn give a tahle indicating the course 
of vital action in the Iwd cases:— 


jf 

Terpen('s 


002 + llaO 

I 

Sugars 

Stareluis 

I I 

(h!llul0S(3S ' 

Lii;iioc<‘Iliilf)fics 


’ Knt'i'gy ahsorheil 


4 

llcnxone 
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I’yi-ono 

(V)1|)])0IIII(is 


Knergy liheratod 


rO.+ HjO-i. 


Knergy ahsnrbed 


i'niteiiis 

4 

Alhiinioses 
'1 

IVptones 
rolyptptidos ; 

I 


^ 4 

Piuincs • Amino-acids 


In the case of the cellulose synthesis, it seems ovidoiit tluit 
the I'cactioii leads to the formation of long chains built up from 
sugar molecules; for hydrolysis of the cellulose yields simple 
carbohydrato derivatives almost unaltered. Thus in this cose 
the reaction is quite uncomplicated and appears to bo simple 
dehydration or polymerisation. 
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'I'lio transrormatiriii of the cullulose-s iniK) lignocollnloscs 
^ is evidently iiioi'e uomplex, ns the latter coiupuuiids appear to 
contain cyclio iniclei of various tyixjs; and from them the 
aromatic anrl heterot'.yclic substances ibrined m plants may be 
prfKluccd by a series of degradation reactions. 

Turning to the pi-otcins the same holds good in generid. 
We Iiavu, first, the formation of simple amiiio-coinpoiintlR 
wliich have not yitl been isolated and proved to take part in 
the synthesis, i'roni tliose, by dehydratiim, the jiroteins are 
foniKMl. After Ibis, liy I'ernientatiou, we get simpler SMbstiUicos 
prodiUH.'.d wbic.h are classed as albiimoses. Knrtlier degrada¬ 
tion yields [H'plones, ^Thich ani closely akin to tlii‘ albiimoses: 
and iinally the material bi'caks down into poly]) 0 ])lidcs and 
simple aniino-iU'.ids. 


PinntHifp JtiuirUnn'i ill. ViUJ Siinlhm'n. 

In attem])ting to deduce the actiinl ])roc,esscs whicli h'ad in 
the forinati.in of natural ]iroducl.s, we art* faced by two facts. In 
the first ]iliicc, we arc able toinlc out as impnssible siioli re¬ 
actions as depend n]ii)n high temperatmi'S and viident ii'iigcnts ; 
but, in llic second ]dacc, we arc imt entitled to assume that, 
Ix'caiisc lip to the lue-sent we have not siiecei'dcd in making a 
reaction “go” at oitlinary tcm]ie.ratures, it. is therefore im¬ 
possible for such a reaction to proci'od efleciively under tlii'sc 
conditiobs. Tin* safest cmirse is obviously to coniine ourselves 
iLs far as ])ossil)lc to ivactiims involving mild reagents and 
callable of proceeding economically at ordinary tempei.-itures; 
though at the siinic time wo need not exclude other reactioi.. 
entirely. 

Limiting ourselves lliiis, the ehoiee befoi'e us is l»y no 
means so rcsti'icU'd as might at first l>e e.xpccted. rolymcriza- 
tioii, condensation-, hydrolysis, hydration avd other addition 
roactibns, dehydration, nxidatiou, reduction, and intRunnlccular 
c'Jiange are all rnactiouB wliioh are kngwii to lie capablo of 
taking pLice at ordinary tcin]ioratinx}s. 

Wif'h reganl tn polymerization the data are too numerous 
to need refci'encc in detoil. The jMilynierization of aldchyiles, 
tlic pixidiietiou of truxillic acid from •cinnamic acid under 
the iwlioii of light, the conversion of ethylene into higher 
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liyclrncai'bunH, and (liu syiitliusia of rubber fniiii isopreiic iiru 
too well known to render it nuccssaiy to discuss tlicin. # 

When \vu come to condoiisalion Iho matter demands a mum 
camful aerntiny; tor various types of reaction are involved, each 
of which has its particular application to the problem bofom us.^ 
The aldol condensiitiuncan ho carried out witii the help of 
tracos of foreign materials; and it is noteworthy that among 
these catalysts arc Lu he found salts such us tlio acetates, car- 
hoiiales, and hjcarbonales of the alkalis, all of which might 
be found in the Ea])s of plants.* Now the aldol coiideusaLioii 
iKjt only iirovides a means whercl>y carbon chains may be 
furnieil from shorter gruw]>.s - - 


(Mla.CJIOd-t.'lla.ClIO^ ('II3 Ollg -ITIO 

but in addilhin it also gives ri.sit lu caibonyuUc dorivatiyos'*- 

t'lla ft) flla COOK (jjla CO CII COOK 

I 

IKMIO > Cily Clh, 

I I 

Clly c() (MI.J coon f^O - CII COOK 

CII3 CttMl) CII CtiOlt 

I i 

(JII., Cl la 

I ‘ I 

(■O CII COOK 


Tito beii/oin coiidensitlion might also be reckoimd as ti 
jtroljtible vital resielion, fur, although it i.s usual to employ 
1 teal in iho laboralury, it seems evidont that this condensation 
proceeds at tirdinary lemperaluves sit a slower rale. 

The second (dtiss of condensation under cousideriiLiuii iii- 
(duties those n::icliou.s in which amiiioiijii inolocules or thcii' 
suh.stil utiun jtroducis Isike j>art. Of these, apart from uniiile 
lonuution, the most iniportanl is liie productiuu of amino' 
alcohols from ulddliydcs : - - ^ 

\l (MI:0 + NJIy = h', CII(0JI)--NH2 

* S»jo liaoycr. Her., 1870, 8, 03. 

- Sue ItobiQiiuii'ri hii((go8tiuiiti uii lliia point (7VaiJ«., 1017, 111, 870); com> 
pare liapor, Trans., i'J07, Bl, 1881. 

* Tlio actual catalyut may bu tliu liydrozyl ion. 

> llabo, Annalen, 1008. 860, 205. 


U 
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All iiitriiiiiulcculiir iippliratioii of tliiu rciictiou, in wliioli an 
iiiiiino-aliluliyilc is oinjilnvoi], loads to riiifr-lbrination and tlio 
prodiicliou of an aniino-alooliol of liiu fullowin^r typo ;— 

r'll.oii 

K.li 

\ 

(% 

And, as Koliinson ' lias sliowii, lliuso amino-alcohols react 
rt'adily in aijuitoiis solutions with kuloiics, producing new 
derivatives by tlio orniinatloii of water-- 


A, 

/(1IO 

^ Ml. It 

1 
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1 .^ 

.... <11. 
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(11.011 -b (1l3.(1).(lll3 = (ll.OlIi.OO.Ijllj . 

■ ls.V\l, N.Oll;, 


niHeroiit in natnn* i.i the lin^'-lbrinatioii pi'odiicod wlion 
sucli sulistaini's as dia<'elyiai'eloiu; ait* treated with iiniinoiiisi.^ 
Here one molenule of ammonia interacts simnltaiieousiy with 
two hvdroxyl r.idirles-- tin* ketone eiiolir.ino—in older lo pro¬ 
duce a derivativi* of p> ridim: - 
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'I'uriliui' to the ipiestion of hydrolysi.s, it is uimecessai^' u> 
dacll at length n]ion the ordinary n'actions. Atieiition must 
be drawn, however, to the fact that the same i-eagents may 
produce diileixuit end-prudnets tiocoixiing to the eoaditious 
employed. 'I’liud acciioaoetic ester derivatives may yiehl either 
a ketoiiG or an acid in udditinii lo aectic acid, in the ordinary 
acetoacetic e.ster synthesis. ■ 

The most imimrlani i-eageuts in this Held, however, are the 
ou/yiuus; and it may be xvorth while to deal witli their action 


' ItobiuBon, KVofUi., 1017, 111, 876. 
* Ccllio, Trans., 1007, 91,1806. 
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ill iiioitj detail. l’\>r tliu hvilroly^is of i.iiu protoin**, two classes 
i»r onzyiiio arc known, wliir.li oro tonuctl |)rulcol,> tic. Tlio 
pepsin ^n'oiip attack albiniiins only in weak aciil solntioiis; 
(junvortinjjf lliem into albiiinoscs ainl peptones, wliicli are. 
.solulilo albuminous conijionnd.s of eoinpUcated structure. Tlio 
trypsin group, on the other hand, acts only in neutral m' weakly 
iilkalinc solution. third ela.ss of (Ui/ynies, the laben/ynic.s, 
have, the faculty <ir coagulaiini' protein cuiupouinU and aro 
tlioivfuiv lorined coagulating cn/yine.s. To some extent a 
fourth typo of on/yine might bo iuoludi'd in this .section, since 
its reaction rcscinb1c.s those of the inDtcolytic elas.s in so far 
that it diipeuds upon the hydinlysl.s of the aiiiidi*. group. This 
last tyi>e lias the fatadty of luiMking down urea ami uric aeitl 
^ deriv.-itivijs. The li|)i»lytio «:n/.ytucs arc utilized to break down 
fats, fnun whieli they lilnsralA*. glveeriiie. 'I'hey ajipi'ar to rcai:t 
best in acid soliiliou. 

Siweral eii/yines iii-e. known wliich eaii be employed to 
hydrolyse siu h materials as - l ireh ; and the progres.s of I ho 
hydrolysis depen4ls upon tloj enzyme, liowen. 'I'hiis whon 
diasta.se acts upon starch it eonvm-t.s it into snlublo material 
and hreaks it down c\cntiiiilly to .simple e.‘irhoh3drate.s, the 
cnd-pi'odue.t being maltose, *'i2ll2a^^i- *'*'*' njiplicaLiou of 

maltiise carriers the ]»ro«:os.s a f'tagc further, two muli'ciiles of 
glmsi,se being fnrmed. ('■ane-.-'Ugar is broken down by in\er- 
lase to glucose ami fruelow. 

in idl these (xises, of etuirse, the •m/.ymo acts merejy as a 
catalytic agent and has no inlluoiice upon the cquilihriuni 
piiint. Tlius, as has been meutioiicd in u pivviuu.s chapter, 
ehloruydiylhise may be e.mph.yed eillier to liMliolyso a phytyl 
esU*r or to reyiliwii* the phytyl radicle by an e:h_\I gronji. 

linder the lieatl of iwldition i-ea«-ti<i!is it is only iieeos.siry 
to mention one or two pi*oeessc.s. Among the unsaturatod 
compounds, ami especially in the Uu'pene gr<iU]», water can Im 
added on to double bunds at ordinary leiiqiuratui'C.s when 
acids arc present.^ Apparently the reaction take.s place in 
two stages: a molecule of stcid iiret attaching itself to the 
double linkage in lunler to form an ester whieli is then 
hydrolysoil, leaving an alcohol. 

Under ordinary conditions also, ammonia has the faculty 

> Wallacli, Antudih, I'JOS, 860,102. 
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of ultackiiij^r curtaiu ulliylunic linkages. Thus mesityl uxicle 
V takes 11]) a molecule of ammonia to form diacctonaminc— 

(C JIjy i: (IJ 1 . CO . c:11 3+N llj = (( Jlla)8C(N 113) . Cll^. CO. CIJ3 

Dehydration is u reaction capable of almost endless appliea- 
tiuus in the field of vital chemistry. .Satiimted componnds 
may be converted into uiisuturated derivatives; carlKin chains 
may he Ibrmed, as in the mesityl oxide and phuroiie syntheses; 
buiixone derivatives and heterocyclic substances such as pyrones 
can 1)0 prepiU'cd without exceeding ordinary temiteratures. 
indeed, it seems probable, though not yet proved, that a lai^ 
pn)]iortion of vital "ynthcscs depend upon successive dehyth’a- 
tions and rehydral ions, by means of which the structure of 
the molecule cau he altered. 

As to oxidation and mluclion, no doubt can be enlei'bdned 
as to lilt prominent ])ait taken 1." them in vital i-eactions. 
As far as oxidation goo.'i. we are siuquaiiited with miincnius 
enzymes (oxidases) which act us agents in the reactions of 
living tiisiic; and througli the uaturo of the corres]>oiuling 
reducing enzymos, the reductases, has not heon fully studied, 
there seems to Ist no qiieslioii about their existence. Apart 
from enzyme actioji, iiuTiien>iis cases of s]iuntaiieous oxidation 
are known to the oi'giiiiic chemist, such as tiie formation of 
indigo from indoxyl and the xu'oductLuii of oxyhiemoglubiu from 
hicmoglobin. 

Intrainoloonlar eliaiigo is a braiicb of the subject which it 
is haitlly necessary to treat in detail; hut the piuacoiie change, 
the Deekinarin rearrangement, and the buuzilic aca! change 
may l>e iiientioiied, since tlicy may serve to throw light iitiou 
vital reactions. Thu most inqiurtaiit of all i» the kcto-cnol 
rearrangement; ))iit this will be fully duscriljed iu a later 
section. 

In a previuus chapter wo have already encuimtercd some 
c.xainples of an iiitinmulecular reaiTaiigement which is uf the 
greatest importance from the point of view of iiatiiiul terpeiie 
syntheses: the formallou of cyclic compounds from opeu- 
(^iii di-olofinic derivatives. The cases of citroiiellul and iso- 
pulegol (p. 88); rhodinal and meuthoiie (p. 94 ); citral and 
cyclo-citrul (p. 98 ); and the cx)uversion uf gerauiol, ncrol, 
and liiialoul lute torpineol (p. 101), are examples of the type 



NATURAL SYNTHESES OF VITAL PRODUCTS 245 


to which wc refer. These eliaiiji^B take place either spon¬ 
taneously rir under the influence of alkali or aoid; and it 
seems not improbable that some such reantiiigemcnt leads ta 
the production of terpeues in nature. 

Among natural products, inethylaminc derivatives nceur; 
and it. ap]M;ars probable that these are formed by the .'ictioii 
of formaldoliyde:— 

2NIJ3 + StJIIjjO = 2NIl3.(Ml3 -b ('(>2 -f llo<> 

fi) laboratory practic.u the reactiuii takes ])1ace even at the 
temperature of a water-bath; so tliat it e.viduntly can be 
earned out, though slowly, under ordinary coinlitions. 

riiotoebemical effects must, of (M)iirse, play a very striking 
part in viUl [)roccssos, especially in the vegeUible kingdom. 
* (If tln^e, tlie most imporlant from the theoretical stamipnint is 
tlie di.seovory by Ootton ^ that the dext-ro and hi'vo forms of tar¬ 
taric acid absurli r 7 -eireularly polarixed light lo dill'ereiit oxtenlH ; 
whicli implies that such light will docompo.sit them at diiferaut 
raUis. Now since light is ciicularly pol:iri/ed by the siirfiico 
of the sea, we have a natural method whendiy the ijrodiictioii 
of uneipial quantilies of asymme.trie miiteriai can be atiaineil; 
and once the balance bi'twetui the two isomeis is thus disturbed, 
tin* genera] production of optically active compounds becomes 
])ris:uble. Ft may bn that these experinuMits iiidiciite, the 
manner in which optically ac'-tive sulMtiinc(V3 first made their 
ap^K'arance on the earth’s surface. 

I 

t. The I'mlvdion of Corhohi/thaies. 

In searching for the reservoirs from wliieJi plants draw 
their supplies of c.-irbon wherewith to huiM up their tissues, 
wo an^ limitfid by the fact that plant nonrLslimcTit can take 
phice tlii-ougli only tw(j channels, the roots and the h-aves. 
As far as the supply of carbon is concerned, it may at once bo 
granted that the roots play no preponderant part. I'lants can 
be forcc'd to grow under conditions which preclude tlie ]Kissi- 
bility of any groat supply of cai 4 )on through the root; and 
yet the organism seems to suffer iiotliing hy this source of 
material being cut off. We are., the,rcforc, tlmevn back upon 
the leaves as the essential i^;cnts in carbon assimilation. 

‘ Cotton, iinn. OhimM’liya., VII., 8, 37S. 
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The soiim! from which loaves ran ohlaiii (jarlioii coiiipouiuls 
is ohvioiis ; I he oarlKiii rliuxido of the air '^iiilicus to furniKh all 
tliu carbon which the ithinb n'liiiires for its eruwtli; and it 
oiilv reiiiiuns to (Muisider Jiow this is u(ili/ed hv llie or>riUiiHni. 

I/O 

Strangely eiioiioli, the next staei; iii the process is one 
whicli has oivjMi rise to most eontrovorsy.' It seonis not 
improhiihle that the re,<n-.ti<in lakes the following form: — 

+ ‘211.0 ll.t'IIO+ 2 II 2 O 2 


If, imw, an en/yim' he |i?'esent> wliieh has the power of (hieom- 
jiosiiig hyilntgeii peroxide,® there will Ii(3 a (‘oiitinunl piH)gress 
from left to right ()f tlat uipialion, with a steady aceiimnlation 
of rnrtiialde.hyde in I lie leaf.'* Tlui enei iry reipiiml to elfect 
this jvaetion must origimillv ho drawn I'roiii solar radiation;- 
hut the immediate eaiise of the tiansformation may he due to 
electricat eoiiditions on thu leaf snr iCii.' 


Assuming that tormaldehyde i.' thus formed, clearly it- 
does not remain unaltered; for it xvas only with eorisiderahle 
diflieultv that the jiit'senee of this siihstanee in jil.-int leaves 
was determined/' Kvidently wi' anj led to assume, further, 
that till- roruiahlelivih' is ehaiiged almosi imiuedialelv into 
so7ne other suhstanee; and the e.vpi'riments of Loew,'* Kiseher 
and Passmoixi^ have show'ii that in pvi'senee ofealeium hydrant 
a dilute solution of formaldehydi^ can he. ]iolymeri/ed diixie-t to 
raceniie rriicLosu. It seems very doiihifnl, however, if this 
simple ju'ocoss repre-siuits what occurs in the plant; for the. 
siigar.s obtained by ]>hytologieal methods are optically active, 
so that an a.symmetrie agi'iit must make its arinee at 
some stage or other during their syntho-sis. Two alternativt' 
solutions of thi.s proitjem may lie (amsidered. In the tirst 
place the agent which stimulates the polymeri/aLi<>n of the 
.sugar may he itself asyiuiuetiie,al (.lu en/yme); ami thus one 
eiiaiitiomorph may be fonneil in greater (|uantit.y than the. 


* Sfio Jor{][iujKoii mill Stiles, Ciit^HUt Assiuiihitiini \ 'Fililolft, I’rcsiilonliiil 
.\iIilrcsK, 7'>f/i(,s., lUOli, 89, 7‘l.0,^aijil .ilsu lliuiis and Hill, Tin HheuitHli!! of 
1‘liiiU I’lmltirls, |i. 151 iT. 

Jioow, Iht.f 11)02, 35, 21S7. 

* Si*!' Ciilison, Ihh. of Uoluny, J'.KiS, 22,117. 

' riiitl. 

^ Iju(>w, J. pr. ehem.. isSt’i. 33, 321. .• 

■ Fisc tier and Passiuuro, Her., 1S.2U,*22, 35!). 


' Ibid. 
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other: or possibly tho racoinic sugar is ])rn<lucod by direct 
iiJcLbods and is then acted iqioii by a selective eiisyino such 
a.i are common in plants, with the result that one antipode js 
more rapidly decomposed than the oilier. In oithor way a 
jirepondorance of one active form would result. It must bo 
fr.iiikly admitted that oven in this simple jirobliMu wo can 
only say that we do not know iho triio solution. 

With the production of sugars of the hexosc typ«\ however, 
tlio main difliciiltios are ended, for by the action of ou/ymes 
these can be converted into miuh more <‘.omplc\' materials, 
the jiolysaecharidcs; ^ and even higher comp1(‘\e,s such as 
dextrin can be jirodueed fmni the liexoses by catalytic moans. 
As to the further stages by which cellulose and its analogues 
are formed, we can only adiniii our ignorane.e; though the 
fact that Ihi’So suh,sliini(‘s eati he iv.dneed to sim]i1or materials 
by eatulytie action eertain1\ suggests that they are. ]irobahly 
huill U]) by a similar process. 


.■>. Oollii Thvtn'ii of Ro :}/iiui Ao/ion. 


t During tho bn‘.ak-down of eertain earhnhydrate derivatives 
under the action of eii;:vmi‘s. an imjiortaul step in the reaction 
is evidently Ihi' •ccuniuhitiun of hydrogen atoms at one end of 
the e.haiii and the galhoring of oxygen atoms at another point. 
Only on this a.-<Hitmptinn can we explain the ciniversion of the 
radicle (1.) into the. grouj'ing (II.) which evidently takes place 
during alcoholic fermentation : - , 

c I r„t)i r—c 11 .011— i ’iia—c i ij- 

(I.) (II.) 


Now if the sugar moleeulo be rcigarded iw he.ing hnilt nj) from 
a chain of carhou atoni.s united with water molecuh's, such a 
tmn.sforination can readily he re]U'CM‘nlcd hy a mere change 
in oricniatiori of the hydmgen and hydro.vyl radicles, which 
might be produced by dcliydration and rehydratiun:— 
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' Hill, 7’irtiw, ’8!W, 73, <34;, sm* also Itayliss, The N'rtOor <>/ Kmifme 
Artinn. ^1 
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t 111 tlio case of a poiilu.sc, distiiiguisliin^ the inverting 
gioiip.s by the cloLterl linos, wu .slamid get the following 


picture: - 
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t Take the caso of a hexuso as an illustration of Iho. next 
sbi]) ill (lie argunient. At one oii<l ui' the cliiiin is the weekly 
basic hydroxyl gi'onp, whilst at the other oml lies the alilehyilo 
radicle, Mhieh, iniils ortho-rorni, i.s weakly ae.idie. It is lliero- 
Ibre ruasoaable to assiiiiie that the ii aiii ehiiin of the sugar is 
subjected loelcctiical strain. Now i. this electrical enndition 
can bo interrered with, chaiige.s might 1 h‘ ex]>ecle(l to occur in 
the iiiolecnle; and it is po-ssibh* that the onxymes work in 
this iriiiniKT. The. eiixyino mnleciilo i.s ]ii'oh.'iblv built up riiiin 
ainiiio-aeids .soim'what in the same maiiner as a protein; .so 
that it cont.ains, like lhi‘ sugar, a ha.sic gi-ou]) ( -XIU) ami an 
ae.idic radicle (—UOOll). Fnmi what wo know of their mo¬ 
lecular eoinplexity, the en/yme mulccules must be immcn.soly 
gmiter than the molecules of simple carllohyilraLos; and it is 
tbeiefoi'e imibable that one molecule of en/.ynie may react 
simultaneously with humlrcils of carbohydrate moleeulu.s. Thu 
basic, and aciilic gmup.s of the siigar will come iut.(> contact 
with the acidic and Ixisic ]inrlionK of the eiixyim pfttvuh’tl ih^ti 
//fWt' yrim^s orfiijTiif mUahfti posilio.i.s in s/ittrc; ‘ the system 
is then short-cii'Ciiited; and what might be termed '‘moleeiihir 
edect-rolysis” results; the c.nergy of ihe .sugar molecule is .set 
frou ns heat; and, by the i-earraiigement of the hydiDgcu and 
hydrpxyl gimips of the sugar, now' com|)obnds arc formed 
w'hich are no longer capable of combining with tlio ampho¬ 
teric enxyine. Tin; latter mCay then he leoharged hy induction 
or by the presence of ions in the solution, as is the case w'ith 
many colloids. 


This sorvo.*! tu explain llic iiowcr of cnisyinort. 
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The following diaginin ropmscnts the vanoua steiw in the 
process:— 



\ / 



• — |||l> I . I- l>ll!.>,III ll Sllf'.ll llllilllllIC 

' Mil-tsuiu Sii,’ii .iiln dm iiinpiisiii'iii 


In its rlniionts iho follio theory lnwirs a slrong r&scin- 
hhnioe to I'lhrlicli’s siili‘-ch:iin theory of toxins mnl anti-loxins, 
Ihe two groiijH Jit till! poinU iiilsckeil lieing aiuilogous to 
Khrlieh’s n*eej)tors, whilst the coiri'sponiliiig points in the 
enzyme jji'e jikiii to Ehrlioh's haptophore gnmiw. 

t Anolln'i- possihiliU ninst nj)l ho left out of ac(!onnt. 
When we cxaniino the struetnial forinnhi of a sugar in its 
ortho-form the siinilaritv lietweon it ami one. of ihn iisnnl 
(lingriiins to illnslrafo ele(jtiv)lysis strikes the eye at <ine.e— 


on on on 


on 
I 


-V 

on 


Qi!_. o .. 

I* I I I 

II IL II II 


Oil 

.LL 

.1 .1 


-on 0) 


Mc)M' if w(» inmgino si ])fiir of terminals insoTt.«*(l in the uiolecule 
as shown hy tho + ami — signs, it is clear that the hyilroge-n 
atoms v'oulfl ho drawn to the loft, whilst tho hydroxyl groups 
would move to tho righi;^ This would give ns the same 
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at^cnmnlnfidii of hyclro^n !ili)rnfs at ono oinl and hydroxyl 
^ {'roiip.s nt tho othor. Colliu’a conccsptioji of the action of 
ejiKyinus iillowa us to picture the necessary electrical terminal 
inserted into the iiiolecidar structure of the augur; and it may 
))e noted that these terminals do not necessarily attack the 
two ends of tlu! chain ; they iniglit quite as ensily ho sup])OBcd 
to he iii.sorteil at any point in tlit^ molecular structure which 
is spatially .suitahle for tlicir oiitiy; and in this way the 
selective action of diflerant ensyniea may he accounted for. 

% 

(J. A Jhfmmic FnrmvJn for H\p Sin/ars. 

Om* reaction which distinguishes the sugars fiiun aliiinsl 
all other compounds is their deliydintion. Tlie case Avilh 
which they split off water Iciiving csirhoii hehinil, is one 
of their most marked eliaracUirisLic s; and it ap]H!ar that less 
attention has Ix'cti paid to the niatlei ),han might he ])rontal)1e. 

t On tiio hiisis of this reaction, a new' way of mgarding the 
sugar iiioicciile has heen ])m])03cd liy Oollio. Let us assume 
that the earhohydriitc niohiciile is huilt u]) fi'oni a stniiglit 
chain ofairlion atoms eoinhincd with Avater nudccules, thus:— 

-(■ — (1 -(•.(*- 

(ilyO) (ILO) (IIJ)) (iloO^ 

Assume, fuillier, that those water niolc.cnlcs envelop the 
carbon atotiis and fhut Ihn Ihrrr itfanut of thr ico/rr mofrroir 
rolftie 7’(nnnf the eaiimi- atom to mhich fhtiti arc rdalrd,* 
If this rotation Avere ontiitdy stopped, we should get tliu slate 
of aifairs represoiiiud hy the iisu.il grapliic formula' for the 
sugars, each hydrogen and hyrlrovyl grouji taking up its 
favourad pasition Avitli itfganl to the rest of the chain. Jiie 
rotation of tliu Avater jiiolenules might, of course, he either 
right or luft-liaiidi‘d. 

t Now' since atoms are electrical systems, this spinning of 
tlio Avatur molecules iilmut. the carbon atoinS would haA'c the 
same effect :is placing the carbon ohain in a magnetic field;- 
and lienee on this nssiiuiptl'on it is poasihle to explain the 
optical rotatory power of tho sngiirs. 

* II tho reader will elcar liin mind of tho antiquated conooption ol dirocted 
valency ho will iiavo no dilliculty in uoeing that this idea in no way controvanea 
Aliy fundamental cbomical pwiolate. f 
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t The energy put into llio system by sunlight would l»e 
converted into tlie inercasi'd rotation-al of the watery 

atoms round the carbon atoms, llic action of enzymes might 
Im) supposed to be a braking cfTcct which would tend to slow 
up the rotational energy and reduce the inhleculc to a condi¬ 
tion represented by the oriliiiary static formula. When tlie 
water molecules ore at their highest rotational velocity, the 
system wouhl tend to bring the a\os of rotation parallel, as in 
(T.); lint when tlie braking cllect c,aine in there wouhl 1 h*. more 
tendency to librate and tin* systc.m would approach the position 



Under such conditions the hydroge.ii and hydr<*\yl gidiii»a 
would, at certain ]ioints in their orliits, come more or has 
clus(‘ toifclhcr, wlien either water coubl bo eliminated from the 
systiMn or the hydiogen of one carbon might oxohnnge places 
with the hydri)xyl group »if the next carbon atom— 

> (’II*--=(HOll) - 

(MI.Oil (MI.on ■ 

-> (MI 2 0(()H)2 - 

t A.S can bo aeon by working out the problem, it is posaibbi ■ 
to puss from .a right-haiuled spin threngli the symmetrical 
kelo-metbylcne griuiping lo a final pbase in which a left-handed 
spin exists; so that the theory covors the case of racemizatioii 
satisfactorily and also such oases as tlic jirodiietion of lajvon>ta- 
tory hi'vnloso from dextrorotatory glucose via the osazone. 


7. The PnltfMMea. 

As will be seen in later seotions of this chapter, substances 
containing tlui kcto-inetliylcno grouping, —(JlTg.CO--, or its 
tautoipcrio form, saCMI . (*(OH) -, jilay a large part in some 
natural processes; ami ii^is thcTelbro desirable to iiuvo some 
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general tonn to cover tl|c claes of compounds which contain 
Jinked ketn-mothylcne chains. Collie ^ proixises to name 
poljfketideH^ those cumi)0iiud8 which may be regarded as 
built up by the polyineriKation of keten and tlic suhsctpient 
nddiiion of a molecule of water— 


1I.«JII2C0).0|[ II.(CnaC())2 Oil ll.(0IT2f3O)3.()Jl 

A inonokolido A cliketido A triketide 

(Acfitic ncid). (Aoctoacotic acid). (Triacutii* acid). 

The Tiiamhcrs of Uio polykntido sories are marked by two 
cliaracteristics: tlioir extreme sensitiveness to slight variations 
in the ooncentration of the reagents used upon them; and the 
nnuliiiess with which they undeEgo intraTuolccular change. It 
is iiniiecMiSRaTy to inii1ti])ly cxaniples of tludr helnivioiir, hut 
sevenil typical ones must ho given to show the ease with 
whieli ix)lykctides or their tleiivati. es can be coiivoiiied into 
memhorsof a1i])hatic, aromhtic, and h»M",rocyclic gwnipa:— 

Tx't us take as onrstartiiig-{K)inii letraci'tie acid : - 


(3113 • tlO. Cllg. CO. CHg. CO . (SHs. coon 


This sii 1 )slance doijs net ovist in the free sUlc, hut loses water 
at once, giving a ring ciimponiid, dchvtimcctic acid : 


011 110 

(Ml3.CO.<3Il.,.(' CO 

“ II 

• (311 nu 

M 

(!() 

Totrornlic: aisid 
(I’iiiolic form). 


O 

(I|lo.(!0.t3II.,.i’' (M) 

m 

II 

t 3 Jl (JII 2 

\ 

CO 

Doliydnu’ctic ncid 
('Pctrocotii lactone). 


Oehydracctic acid, when heated with mineral acids, gives 
rise to salts of dimethyl-pyrone. The first stage in the reac¬ 
tion is the formation of totnicctic acid, whiph then loses a 
molcoiilo of carbon dioxide from its carboxyl radicle; duicetyl- 
acetone is thus produced, which oiiolixcs iu a new 2>osition; 
finally, water is eliminated and diinetliyl-pyrono remains:— 


^ Oollio, Proc., 1907.23, 230. 

* For A general account of polykotid.i roactionfl, neo Collie, Tram., 1907, 
ei, IH06. / 
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When tliu diinuthyl-pyroiie thus ubtaincd is iiiialysuii, liow- 
L'vur, it is found to have tlio unin];K)sitioii 07Hg02Cl, which 
cormsponds to a cniupuund of ono iiioluciilu of dimcthyl-pyroiiu 
with one inolccnlu of liydiocliloric acid. Thu Hiihsiaiice is not 
a eh loriiie-substitilted pyrene d(‘rivative, but beliaves exactly 
like th(' hydrochloriile of an organic Iklsc. Collie and Tickle,^ 
who were Lite discuv(>,rer.s of this class of substance, prepared 
a series of compounds of lUmcthyl-iiyi'one with inuny of tlio 
comiuon acids, lioth organic and inoi^anic, as well as metallic 
double sails; ami from a study of their pro[)crties drew the 
cniielusioii that the oxygen atom which forms the bridge in the 
pyrene nucleus luus basic ])ruperties akin to those of a tertiary 
nitrogen atom. Thus, just as tertiary amines lV>rin ainmouiuin 
siilL-x, divalent o.vygen compounds may unite with acids to form 
“ mfir ." The coinpouiid of diinethyl-pyrono witli 

liydroi’.hloric acid would on this hypotliesis be lepruseuted by 
the formula— 

H (11 

s 

. o' 

OJla.d (’.(Mlj 

II * II 

Jl.U (.i.H 

\ /' 

CO 

Collie and Ticklo, '.jlrwu. Chem. Sac., 1U99,75, 710. 
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Thttnjrh (liinethyl-pyruiie coutiiiiis :i carbonyl grou]), it 
ilixis not react with cither hydroxy lam inu ur phenylliydrsuine. 
This peculiar buliaviuur haa led (.'olliu^ to put forward tho 
view that not one but both the oxygen atoins in the pyrune 
nucleus arc i|uadrivalent in the oxoiiiiini salts; while in the 
base itself one oxygen atom is supposed to always quad¬ 
rivalent. On tliis view the formula? of dimuthyl-pyi'oiie and 
il-s hydii^chloi'ide would be written thus-- 


O 

■'/ 

0113.0 
! 0 
II.0. 

0 


O.OII3 

I 

0.11 


(M13.0 

■ 

JI.O 


0 


H-O-Cl 


c 


0.0II3 

II 

O.Jl 


Tliis view of the [tyroiie structure L' sup|H)rteil to a certain 
(txtont by an examiiiiitioii of the relViictive indices of pyi-one 
derivatives whi<’h has Itoen earrwsd out by Miss Komfray.’-* 
In both of the above Ibrmuhe the peculiar rcseiriblaiuHi to tint 
buDKonuid type is manifest, and Collie luus been led to suggest 
that the rout-salistauce of the pymiiu class lias a structure 
which resembles that of [>yridinu. T<i this hyiM)thctieal com- 
]M)Uud* lie has given the name oxenc,'"'^ as it is the oxygen 
analngnc of benzene and pyridine— 


H 

• 1 

I 

0 


lie CJI 

I 

HO CJI 

0 

I 

If 

Benzoiio. 


N 

^ \ 

no CM 

; II 

no Oil 

V 

I 

I 

ji 

l-*yridinc. 


IL 

i 

O 

no on 
II 

Jio on 

V 

I 

11 

Oxuiii 


‘ Collio, Trans. Olinn. Stic., 1904, 85, 971; c/. Willstiittor and Pummeror, 
Hcr.j 1904, 3733: 1905, 88.14G1. 

* Honiftay, Trans. CJiam. Soc., 1905,87.1443. 

* This typo of lieterooyoliu ring is actually found in tho pyiylium serios. 

* CoUio, Trans. Chenu Soc., 1904, 85, 97^* 
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Dimotliyl-pyroiie, iiiidisr the .‘ictioii of alkali, yields salts 
of ail cnolic form of diacotyl-aculuiio, from wliicli diacctyl-, 
accloiiu itself can be obtaiiieil by adding acid. 

This tutraketidu derivative, diacetyl-aceione, shows a most 
oxti'iuirdinary series of cliaiige.s. On standing in a <lo8iocator, 
it loses water and is n*converted iiitn dimetliyl-pyrone; with 
ummonia it yields a pyridine derivative, liitidoue; in very 
weak alkaline solutions at ordinary tempei'ature.s it j)rudiU'Os 
a Is'nseiie derivative whieli, in ])res(mee of very sliglitly 
stronger alkali, elianges to a naphthaleue compuniid:— 

OII3 UO (MI (J-(ML CO (MI3 

i I Diauctyl-auutono. 

IMI3 00 OH2 (JO (.JII2 00 0II3 

(Jll3 (J- OH -0 (Mlg (JO OH3 

II Ikiiixoiiu ilurivative 

(JM OO on (’() (Ml, (‘O (MI3 form). 


OII3 


V -OH i:— oKm 0 (MI3 

i! " II 

OH 00 (JJi 00 (’ (JO (MI 3 


NiipJjlhalciio 
d(!ri\abivo 
(Mikctuiiic form) 


IJy the action of ainmoniii on the benzene derivative, an iso 
<luiuoline ooni])Oiiiiil— 



OH (ML.(!0.(!H;, 

is formed. 

lleiurning to the dehydrathm of diacetyl-acetone, the use (d‘ 
acid rciigeuts pii>ducos another benzene derivative, oieiuol— 


CH, 

: 6t-C 

ill, ! \ 


.^1 * —j 

H.C 


CH. -ILO 


CO , 
'^CH.^ 


CO 


CH. 

1 

CH, 

1 


H.cA 

-^ j 

:h 


H0.(\ ) 
CH 

:.oH 

OrcinoX 
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l^Mrlihcr rusulta aru obtained by condensing the polykotido 
( orciiiul with acchjacetic ester. Tlic reaotiou product, after 
Jvydrolysis, is found to be dimcthyl-umbelliferone (I.)— 

< 5 H 3 



Oil Clla 

CII3 "'"m'D., 

a.) 

(II.) 


and when tliis cum pound is treated witli til kali and heated, it 
iiiidergues liydraliuii and loss of carbon dioxide with tlic 
t'urniation of ti thymol derivative (1I.)> Orcinol also condnuses 
with tho fiolykctidu derivative acetylacetoiic, yielding a boms- 
])yrono coirn>ourid, the formula of wliii a is given on j). 258 . 

All iiiteivHting cempouiid, [>seudo-oroino], bridging the gap 
between the pyroiie and benzene series, was discovered by 
Collie niul Stewart. As can be seen from its i'orimila, the 
wandering of a hydrogen atom will convert it into dimethyl 
2 >ynme; whilst hydratinn, followed by I’uaiTangunieiit anil de¬ 
hydration, yields orciiiol. In practice, acid solutions convert 
it into diiuelJiyl-])yi-uiic, whilst alkali changes it to oruiuol— 


VW.A' 


lie 



oil 

OH 

on 


■ 



V.cili 


o.cii, no 

0- O.OIl 

II '■ 

A 

!' ' 

II 

yn\ 

Ollss 

('ll 

.on 

oil 

on 


on 


l'iii'.u(!o<orcinol. 
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Collicf^ has obtained the diacetyl derivative of this sabstanoe 
by another method. When treated with acids it yields 
diaoetyl-dimethyl-pyrone; whilst alkali converts it into di<, 
acetyl-oroinol. 

The foregoing reactions, of which a tabular scheme is given 
on p. 258, are sufTicient to show tl^e manifold possibilities of 
the polykctide group. To complete the survey it is necessary 
to mention the ease with which the polyketides are hydrolysed 
to simpler derivatives. Dehydracetic acid is decomposed by 
either acids or alkalis; and, if the hydrolysis bo conducted 
under conditions which allow the intermediate products to bo 
isolated, the following stages ore observed:— 


/0\ 

CHj.OO.CHj.O (;.OH 

II II 

fKJ oil 


^c(r 

Dehyilmcotio aci<l. 


/0\ 

oiij.o o.on 

III; Ih 

\’0^ 
Triacotic lootono. 




Cno.CO.OHa.OO.OIfa (JHg.COOH + CTTj.CO.CHs 

Acotjl-acuiiono. ->■ 




■ (Jolliu, Trami., 1004, 86. 971. 
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8 . The LUlatiom h»iiivcen the Oarhthifdraiesi and the 

Polykdules. . 

fPyrono is acted upon by metallic alcoholates with the 
formation of derivatives of bishydroxy-metliylenc-acetone.^ 
The proper conditions for carrying out a similar rciictiun with 
a water molecule instead of one of sodium otiiylate have not 
yet been discovered; but the point is not without theoroticiil 
interest, as it suggests a means wiinreby sugars may 1>c con¬ 
verted into polyketides and vive rered. Taking the case of 
pyrouc an an example, the following stages would be in¬ 
volved ;— 

0 

iiC ('Jll 

1 J +H.O 

IIU C!l[ 

I’vroiifl. 


110.(Ml 11.0.1)11 

II II 

II.(K /Oil 

N^o-" 

9 

IJiHliydroxy-inolhylono-acotoiio. 


OllsOil 

+ 2ir,o 110.0.11 

-> [ • 

il.O.OlL 

110.0.11 
(!mio 

A pentoso. 

A reverse seizes of reactions would lead from the carbo¬ 
hydrates to the polyketides and thence to all the classes of 
compounds which were oniimoiiited in the last section. 

Now, though it must be frankly confessed that up to the 
present our laboratory methods liave failed to bring about 

' WlllHtiitter and I’oinmoror, Beu 88, t4Gl. 


11.0. on 
II 

0.11 


0.011 

II 

O.Jl 

I 

Clio 
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cither of these conyersions,* there appear to be numerous data 
tending to show that many plant products are derived from 
polyketido chains; and since the carbohydrates form the most 
obvious source of polyketido derivatives it seems not un- 
wananled to assume that reactions similar to the above do 
take place in plants. If we do not make this assumption, we 
require so many diffei'ent postulates in devising syntheses of 
vital products tliat the matter becomes extremely complicated; 
whei’uas by gmiiting tlie possibility of polyketido production 
it may bo rendered very simple. 


9. Thjt Carhohyd^'oUti^ Edyketides, and Benzene Derivatives. 

fTho aromatic series is strongly reprcsenteil among plant 
products; and it seems evident that the source of the vegetable 
benzene compounds must be sought in the carbohydrates and 
celluloses of the plant. The formulss below indicate how 
benzene derivatives might bo produced diroct from the carbo- 
hydratob by means of simple dehydration followed by intra¬ 
molecular rearrangement. Only two examples ara given, as 
they are intended as illustrations and not as a complete list of 
possible changes. The groups involved in the dehydrations 
are printed in heavy type to make the matter clear. 

* One Hcoat diOiouIty in tlio way is the ooao with which opon-ohaiu doriva- 
tives of the polyketido sories are hydrolysed in ptesonco of alkali or acid. 
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HO—OH* 

H-G-OH 

I 

HO -C-H 

1 

H-O-011 

I 

HO- -C—II 

H- C Oil 

1 

11 

(;u. H 

II 

U OH 
0 H 


(! 11 

II 

(J OH 
11 


CHjOH 

ho-(Lh 

I 

H-C-OH 
HO- G H 
H- C Oil 

I 

HO 0 11 

H ( 1 ) 011 

It 

I 

GlIaOH 
G H 

II 

G OH 
G 11 

II 

G Oil 

I 

G--11 

II 

C OH 


HO- 


Ordnol dorivatiTO. 


li 


f/N 


>1^ 

-OH 

HO— 

V 

1 


1 



1 

li 


Oil 
-GllgOJl 


Ortho-dorivativo. 


tlf the produotiou of polyketides from the carbohydrates 
be assumed in order to simplify the formulie, the following 
scheme shows how unsaturated side-chains attached to benzene 
nuclei could be formed by dehydration and rearrangement:— 
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« 


CO CO-CIIrCO-CH, 

I I 

Clf^i cilj 



fruni ^liich, hy uii/ymatic reduction, nji ainilogiic of auethol 
would 1)0 forniud. 

fTlie jiradiKitiuii of anbliriicenu ileiivutive» could be 
uccouiitud fur in i\ siinilar niaii:pcr:— 


/Cii ^cn, 

L'O Cl) C«) CO 

I I I 

CII, CJI, CII, CII: 

CO one 'co 




10. The FormatUm of Pi/ronc/t aw?. Pyridines from the 

Carhohydmtes. 


Thu rulatiuns butwocu tlio iiolyketidcs on tlio one hand and 
lliG {lyiKuio and pyridine derivatives on the other have alretuly 
been ux])laiucd; so two cxani])Ies Avill U; sulTicient to indicate 
Ihu })0SBibility of a direct passage from the carbohydrate series 
to Uiu two luitcrocyclic groujis. As beforu, the atoms involved 
in the dehydrations ai-e printed in heavy type. 


H OH H OH H OH 

III III 
110 -oil-oil C(OH) - Cl£ C(OH)—OH—B 

-8H,0 

HO-CH - OH-C(Ofl)--OH-C(OH)=OH—R 

+ NH, I - H ,0 


- NH 

OH Oil- V.{QIB) - OH-0-^CH—B 


-H,OHO/* \o-OH^ 
-j 11 

—y I 

UH 
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II. 77mj Ocjum of Some Plant PigTMixU, 

■ 

Tho fact tliat many of the important plant colouring' 
materials belong to the pyronc group suggosta that they may 
bo (luiivcd from pulyketido chaina and huiioe, iiidiiuctly, from 
the celluloses. In the sim];4^r colouring niattui'S tlu' coimuc- 
tion is almost obvious from an insi)cctioQ of the formiihc; and 
one example will suflice. The ciisc of chulithmic acid may l>u 
chosen, and its possible duvivation from a hui)lose acc-onuted 
fur by the usual procusses of dehydration ami oxidation— 


01J,011 

•to 

I 


COOJC 

I 

CO 


CU,01I 

Ao 

HO.C.H A.H 

I - 2ILU i uxidaljun j 
H.O.OII —G.OIl —r CO —CO —V" 


Ail 


C001I 

I 

C.OH 

(i.H 


IfOOC coon 

:li[ I 

I -ILO HU/ \o 


HO.C.H 

H.t.Oil 

I 

OH,OH 


C.ll 

I' 

C.OH 

ingou 


C.H 

I' 

d.OH 

(icon 


I 

C.JI 
C.OH 
tool I 


II. Cv yC . II 

\co/ 

Cholidoilic ucid. 


The ben/o-nvrono sroun can Ix) accounted for in a similar 
manner. 

In the case of the aiithocyanins, the roaction may l)c traced 
directly back to a carbohydrate chain without roiiuiring the 
intermediate formation of a polyketide derivative at* all. An 
examination of the formula of cyauidin, CisHioOei shuw.s that 
it might be derived from a carbohydrate having the composi¬ 
tion CJi 5 lIgQ 025 by the alistraotiun of nine molecules of water; 
and from cyanidin the corresponding authocynnin is produced 
by the action of glucose. From the cyauidin, also, quercetin 
may be formed by oxidation; so that such a synthesis would 
open the way to*tho flavono scries as well. 

The following foimnlm show how, by simple dehydration, 
it is possible to imagine the production of cyanidin from a 
carbohydrate of the structure CHaDH.(CH.oil)i 3 .CHO. In 
order to make the steps clearer, the atoms eliminated by 
dehydration are printed in heavy type— 
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('yanidin. 


It is unneocssaiy to give fuilher examples, as the reader 
can easily work them out for himself if he is interested in the 
point. 
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12. Alkaloidal Skeletons. 

t 

With regard to the formation of the alkaloids, two vimjl's 
aro passible. In the first place, the alkaloidal skeleton may 
be supposed to come into existence dii-eotly by the action of 
ammonia upon a long carbon cliaiu derived from the celluloses; 
or, secondly, we may assuifte tliat tlio celluloses and proteins 
break down into smaller moluenlos which then take part in 
pieco-moal syntheses of the larger alkaloid groupings. In 
either case, it will be seen that lliu production of alkaloids is 
to be itgardcd as a down-grade reaction. 

The formation of tropiuone fiiriiishos a («isc to which both 
methods oi'e applicable; so it may be given here as an ex¬ 
ample. 

Let 11 s assume that among the degradation prockicts of 
cellulose a methyl-hcxose-amiiie is produce<l. Tliis will have 
the composition 07 lfi 50 cN'. Now nor-trojunone (i.c. tropiuone 
without the methyl radicle attached to the nitrogen atom) has 
the composition 07 ll]iUN. Tlic diileience between the two 
formulae is li 404 ; finm which is is cleai' that dehydration 
alone will not suffice to ptiss from tlie one compound to the 
other; reduction to the extent of four hydrogen atoms is also 
necessary. 

The ste]>s in the conversion may be represented as 
follows:— 


OIIC-CII-UJIOIl OUC-CH—OH» 

II II 

lirn, CHOJI NJI, 00 

on,-cuoii (Jiioii cii,~co cii, 


3H,-ch-c;h, 

I I I 

■ NH CO <- 

H0GI/-CH-<1)IT, 


HOUH—CH-CH, 
I 

NH CO 


OHf-Cll - OH. 

■<- Jth Ao 

I I 

HOOHj-OIC-OH, 


OUC-OH-CH, 

-> ira, Ao 


ClI, _C(OU) -CH, 

> 1 ^ 

OHC-OH-OH, 

il£ Ao . 


CH. 


—Ah, 


AH the dehydrations and rehydrations involved in tlic process 
have not boon indicated in the fdnuulse, as by this time the 
reader is probably sufficiently expert in appreciating the 
method to dispense with some of the steps. The last stage 
diown above consists in a reduction of the djhydiic alcohol to 
.la hydrocarbon grouping, which accounts for the four extra 
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Iiydrogun utuins ali'cady nieutioued. Haviug thiiB reached 
nor-tit)])iuone, mctliylatioii witli formaldehyde would account 
I’gr the productJoi) of trojunoiie itself. 

Of course tlje order in the alwvu series of changes might 
bo varied, some of them coining earlier than is shown. The 
inetliylntion of the nitrogen atom, for example, might take 
place much sooner than has been assumed. 

Kobliisu]i ^ lias put forwai'd a series of suggestions as to 
the luannor in which inuiiy of the familiar alkaloidal skoluLons 
may be pi-oducod by using comparatively simple reiictioiiM; and 
Jiis papier sliould be studied by all who are interested in the 
ijiiestion. Unfortunately, it would lose by condensation, so 
cannot be ilealt with here. In it examples aro given of pos¬ 
sible lines of syntheses in the pyrrolidine, piperidine, quinoline, 
and isuquinoline groups of alkaloi('.s. Two reactions only are 
demanded as essential to the formation of the skeletons: the 
aldol condensation and the similar leactiou between carbinol- 
araines [containing the grouping Rg : (1(011) . N ; iy and com¬ 
pounds containing the radicle : CU . CO. 

As an example of the method, we may choose the synthesis 
of tropinone— 

Nnj.cH..oH*.ciis.cji{NTrs).tJOon -i- ai.oiiio 
Motliylation and oxidation. 

(JHO CHe.Cll,. Clio -f- 2NlI.Cir, + COj 

Condonaation 

CH,.011(011} CH,.COOU 

I I 

N.CII, + CO (Extra roapmt.) 

cu,.cu(ou) ciij.cooir 


r 



CHj CH-CU. COOH 

i.cii, io 

in.—in— 


-2C0, 

- 


« 


CH*-OH-CH, 



-CH.COOII OH,- 

’ BobiuMOD, Trans., 1017, 111, 87(ia 
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Kobiiisuii’s synthesis of tropiiionc (see p. 124) Ims shown that 
reactions of tlie typo requiiwl by his views (»u aotaolly take 
place ill practice under ordinary conditions. . 

t Returning to the idea that tho cellulose chain, via the 
jxilyketides, affords a source of alkaloid iiiatorial, an (txample 
may be {riven of the course whicli tho synthesis uf paiiavurinc 
might be cxiiectcd to take. In the lii-st place, it must bo 
pointed out Hurt by tho usual procoss of dohydratioii and 
rahydratioii, it is pussiblu to jiass fi-om tlie grouping 
R. CO . CH 2 . CO— to the arrangement R . OH 2 . CO . CO—; 
and also tluit tho formation of nicbhoxyl radiclos and inothyl- 
enc-othur grouj[>s may bo siijipoaud to toko place by tho action 
of forinaldohyde:— 


R Oir + 2CII..0 = 

M 

R (!-Oil 

II ():CIl2 = 

If c -oil 


R O CII 3 4- Il.COOH 

It (;_ 

jl yCll2 + H 2 O 

K-. 0-()/ 


The outline of the papavoriuc synthesis is given on the next 
page. 



a68 RECENT ADVANCES IN ORGANIC CHEMISTRY 



/CH,\ 

‘ CO CO cuo 

f!0 CO (!ilO 

+ a..o <’<> +NJi3' 

CHa 

CH2 CHj! 

\(:o/ 

1 

CII 2 

1 

1 

CO 

1 

CO 

<-■112 C[l3 

1 1 

CO CO 

CJI2 (^[3 

1 1 
(^Ug CO 

Vila/ 

co-^ 




M' 



I'apavcrine. 


13. ThG Natural Syntimes of Pyrrol Derivalives. 

The importance of the {Jjrrrol compounds from the stand* 
point of natural processes has already been in^cated in an 
earlier chapter. The assimilative machineiy of plants is bound' 
up with chlorophyll; whilst hremine plays on analogous part * 
in the cose of animals: and both these substances are built up . 
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on a basis of pyrrol rings. In addition to them, numerons 
other pyrrol derivatives are known to occur in the {mxlucts of 
\'eg8table and animal metabolism: tlie pyrrolidine alkaloi^ 
and the bile acids are cases in point. It is therefore desirable 
to indicate here how these substances may lie produced by 
vital reactions.. 

The carbohydrates probably form one source from wliich 
materials are drawn for pyrrol syntheses; whilst the nitrogen 
may be supplied either from ammonia nr iiidiioctly from the 
proteins. Assuming the presence of a sugar and ammonia, the 
synthesis of a pyrrol derivative may be occonntiHl for by two 
dehydration reactions thus— 

OH.OH C1I,0H OH,On 

HO. OH--c!ll. OH +NH, -2H,0 

-^IIO.CH-(jlK ->-HO; -Ov 

H,0 I I • ) 

HO. OH-OH. Oil HO. OH-OH' HO-0^ 

(Iho <1ho <!iho 


From a pentose, of course, a pynol with a single aldehydio 
side-chain would be produced. 


14. Brandied Chaim and Terpene Gimpnunds. 


Hitherto we have confined our attention to carbohydrates 
in which the carbon atoms foim a straight cluiin, but it seems 
desirable to indicate how forked chains may come into exist¬ 
ence, as compounds of this ty^ie occur naturally along with 
straight-chain substances. The formation of apiose may bo 
taken os an example. Its composition is ObUjoO,, and it 
might obviously be produced by the aldol condensation of five 
molecules of formaldehyde in tlie following manner:— 


OflaO CHgO 
CHjO. 

0H,0 

• cn*o . 


nO.OHjv yCHjOH 

(Cor 

I 

> . CH.OH 

I 

OHO ApioM. 


■JLt seems difficult to imagine how apiose can be synthesized 
naturally in any other way. 
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J^ut if tills be granted, it becomes clear tlint terpone 
skeletons might be produced by an extension of the same 
scries of condensations. Two possibilities are open. In the 
first place, two apiose nuclei may condense together giving the 
substance ([.) wliicli by reduction may be transformed into 
an olcriiiic torpenc derivative (II.); and from this, by intra- 
mulccular change similar to the goraiiiol-terpinool rearrange¬ 
ment (see j». 99), a ler|wjnc derivative miglit bo formed. Or, 
alternatively, ten molecules of forninldehydc might condense 
together to prorluce a doubly-linked apiosit chain (HI.) from 


which ter[Kmc.s might hu formed by rcdiiotion. 


HO CIIj LlljOll 
' / 

"O-OII 

CII, CH, 

\ / 

1 

11 

MO CII. Clf Oil 

\ / 

c on 

CMOII 

Clio CIIOII Uivliution 

1 1 ■ 

II 

CII 

1 

• ^cnoii 

cii.oircii. 

1 

no cn '. cn on 

1 ! 

OirOH CIIOM 

on 

1 

1 1 

CII, CII 

'cir 

1 

1 1 

iiocn cn-uii 

e-'flu 

CllaOII 

CII, 

cii on 


(ll) 

(III) 


Thu parlicular Icrpimu derivative formed would depimd on tiic 
stage of oxidation of the original open-chain coinponiid in the 
second case and also upon the position of the double bonds in 
the open chain. 

Another possible line of synthesis of the terponcs is sug¬ 
gested by the production of n thymol derivative from the con¬ 
densation'products of orciuol and oceto-ucetic ester (see p. 250). 
Sinc(‘. the ondnol and tlio accto-aci'-tic ester arc both obtainable 
from polyketidu chains, and hence possibly from carbohy- 
ilratcs; and sitico tlie thymol compound thus produced ma^ be 
supposed to bo rediioiblo to a terpene, ibis line of tbouglit 
leads also from the carbohydrates to the terpene group. 

Finally it may he pointefl out that a terpene Ciollio could 
lie derived fnim a carlwhydrate Ci 4 lIaaOu by the removal of 
four molecules of carbon dioxide and six molconles of water. 
In this case it would be neceesary to assume as an intermcdifiite 
compound one of those unsatiirated odds which tend to lose 
their carboxyl mdidos spontaneously. 

Other reactions which might lead to the formation of 
a forked chain arc the condensation of formaldehyde with a 
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straight sugar chain and subseiiuent dehydration of the aldol 
thus produced; or the peculiar reariungemunta in the sugar 
group ohservod hy Kilinui,^ whereby, under tho iietioii of lim^- 
water, the group (1.) is transformed into (11.) : 

—OII.OTI—CH.OH—Cli.Ofl—UIIO- > -CII. OH-G(OH)-( 3 COH 


or the niinlogouR heiiisillR acid change, 

15. Thf. FomuUvHh of //w; 

For tho production of iats in the animal body the carbo¬ 
hydrates ab3orl)cd as food form the must pmbablu source. 
We have already soun that sugars may l>o converted into 
polyketide chains by ilidiydration, so it is not neceasary to givi* 
these steps. We may commence with the |M)lyketiJo nhain 
shown in (1.) ns an cxatnplo;— 


CO 

C!() 

ii.ii 

CO 

1 

llO.C.Ii 

CO 

CO 

CO 

1 

1 

OIL 

1 

IIO.C 

1 

no. (J.oil 

1 

CO 

1 

II 
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1 

11 

1 

1 

(!() 

1 

II.C.OII 
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II.c 

Ji.e.n 

1 
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1 
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1 

1 

(JHa 

1 

1 

<‘ll.. 

1 

1 

(!iL 

1 

(III.) 

1 

CM., 

1 

CIl 

1 

(I.) 

(11.) 

(IV.) 

(VJ.) 


t If we take us unr stai’ting-i)olnt llio group (1.) and con¬ 
vert it into the enolic fonn (li.), we can then add a molecule 
of water on to the doable bond to form (lll.)> 1'his siil)stance 
could then be dehydriitoil to produce (IV.), to which water 
might be again attached, giving (Y.), in which two hydi-oxyl 
groups are attached to the same carbon atom. This compound 
would lose a molecule of water, leaving (VI.). 

t A compan'son of the formiiliR (I.) and (VI.) shows that tho 
whole process implies a wandeiiig of the hydrogen atoms to 
tho lower end of tho chain, and a corresponding migration of 
the oxygen atoms to tho other. This purely theoretical series 
of actions could then be reiieated, and the final result would 

' Kiliaiii, Her., 1884. 17, ISOS; 1905, 88, 2G68; 1908,41,158, 4G9. 
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be a loss of carbon dioxido from one end of the chain, and a 
building up of an aliphatic chain at the other end. Some such 
process may take place in the living organism during the 
formation of oils or fats,* and the liberation of carbon dioxide 
in respiration would be explicable in the same way. 

Evidence in favour of tliis conception of the formation of 
fats from cni'bohydralos is obtained when the results of the 
reverse proccas are examined. In the disease pentosuria, the 
body fats 01*6 broken down and oonverted into sugars. Now, 
if this process involved the decomposition of the fat, with 
subsequent assimHatiou in the organism, then a synthesis of 
the pentose and, finally, its excretion, we should expect to find 
Uiat the inaotive fat had been cionvertod into an opticaUy 
actiw sugar owing to tho intervention of the asymmetric 
components of the body tissues, etc. On the other hand, if 
the fat is converted direct into the sugar liy tlio eonverse of 
the process sketched above— i.e. if the process involves a mere 
passage from Stage VI. to Sts^^ I.—^then, owing to the con¬ 
tinual formation of eiiolic forms and consequent loss of 
asymmetry, the products of the fatty deoomposition would 
not be active. In actual practice it is found tluit the arabinose 
excreted by patients suifering from pentosuria is the racemic 
forin^ of tho compound; and this notwithstanding the fact 
that tho organism is qidte capable, even in that state, of de¬ 
composing Z-arabinose if this sngar be given in food. It 
seems evident, therefore, that the arabinose excreted by such 
patients dannot have passed through the ordinary channels, 
but must have been produced directly from fat by some simple 
reaction such os is shown above Further the occurrence of 
aceto-acetic acid and acetone along with sugar in the mine 
of patients suifering from diabetes proves that polyketide 
derivatives make tiieir appearance during the disease. 

‘ 16. Syntheses and Deffradatime of the ProUme. 

In the foingoing sections \|fe have de^t very fully with the 
oarbohydrates and their possible mutations; so that it will be 
neoessaiy to devote only a small space to the proteins, that. 

* Or wax iu the case of boes. 

> Nenbozg, Ar., 1900, 88. SS4S. 
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second groat class of up-grade products of llio vital machineiy. 
Fischer’s researches on tho polyjxsptidos' leave little doubt 
tbal the protein molecules contain long cliaius of aniiuo-acids 
coupled together in the form of amides; and it remains to 
suggest methods whereby such substances could be syntliesmed 
from simple materials within the living organism. 

As in the case of the carbohydrates, our knowledge of the 
initial steps in the process is incomplete. Nitrates appear to 
be assimilated by tlio plant and reduced to nitrites; but un¬ 
certainty exists as to tlie further fate of the nitrite when it 
has l)oen formed. Tho most suggestive experiments on tho 
subject api>car to bo those of Baudiscli.^ On exposing potas¬ 
sium nitrate to diffused daylight, he found that it was roduoed 
to potassium nitrite. Under the same conditions, potassiupi 
nitrite, whcJi mixed with form.'ildeliydc Or iiietliyl ulcoliol, 
became converted into liyjjonitrite and then, by tho action of 
more metliyl alcoliol, was changed into the potassium salt of 
formohydroxtimic acid:— 

CH3OH + KNO2 = HO. on : N. OK + IfjO 

Prolonged exposed to light lusulted in a fiirtiier rtMluction, 
ammonia being formed. 

According to llaudisch, ammonia in plants is oxidized by 
oxidases or by ultra-violet light, and the resulting product 
combines with formaldcbydc to form aci-nitromethaiio which, 
being a reactive substance, takes imi't in vijgelable syntheses. 

If wo asBiniio the presenoo of ammonia and carboliydratcs, 
liowevor, the fiirlliur reactions may be formulated in other 
ways. We may postulate that the Jirst step in tlie synthesis 
of the proteins is the production of an amide. We are faced 
with a certain dilficnlty; for it is clear that iui in version of 
some kind must toko place in oixlcr to convert tho group (1.) 
into the giuiip (11.), wliich entails the transference of tho 
nitrogen atom frofu one carbon atom to the next 

-Clio—CO— NH* -CH-COOH 

I 

Nllg 

(I.) (II.) 

' See p. 1 U 4 . 

» Baudiacli. Iter., 1011, 44,1009. 
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t Suck tniusleivucus aru <iuito possible on linos with whicli we 
iux; alnwiy fiunlliar. The following' symbols show tlio applica¬ 
tion of the piuucoiiu rearrangement to the problem— 
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Another inetlioil by wliicli the traiisfei'ciiuc of the iiitnigcn 
atom lo thu iiuJghboming ciu'bon might be accomplished is by 
the temporary production of a thi'cc-inemberiHl ring which, 
as .soon as funned, niighl njMju up again in a new piuco. In 
this way llie reaction i.s ml need lo the siiiqiJe sublruetioii and 
i-eaildiliou of a molecule of water— 


Oil. Oil 

I . -IM» 

<111- - Oil 

I N ■ 

CO-MIl.ll: 


OJI.Oll 

1 

(!il 


CO" 




-h n,0 


I 

Cl I. on 

I 

CM.Nila 
COOJl 


The production of the original amide I'udiele may bo 
attributed to tlie formation and partial hydrolysis of a cytui- 
liydriu of the sugar; for hydi'ocyanie aeid is known to be 
fomed ill plants in quantities sufficiont to^iold the required 
eyouhydrins. 

Mucli more probable than cither of) the above suggestions 
is the following, which is hosed upon an observation of do 
Jong ^ in the ease of pyruvic odd. When ammouium pyruvate 
is mixed with pyruvic acid the reaction takes the following 

> Do Joug, liacx trav, chim., 1000,18,350; lUOl, 88,131. 
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course. lu tlio first pliiue the two pyruvic molecules (T.) Fc.aot 
with amiuoiiia from the ammonium salt to form au imiiio 
compuuml (11.). This subslaiicc tlieu loses waUtr, aud forms 
the lactone (III.). A molecule of water is then taken up ami 
carlioii dioxidu is split oiT, yielding the substance (IV.), whicli 
iinmediately eliminates another muleeulu of water, producing 
a<acety1-amiiLo-piX)pionic acid (V.)— 


coon 

Clln.i'O 


COOil 

iiio.ij 


coon 


+ NHj i^IIs-lKOJI) -n,o CH 3 .C -O 


-^ 


->■ 


NH 
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jNlI 


CJlj.IHl.COOll 0113.0(011). COOLI lMl3.CJ(0ll).C0 


(»■) 


coon 

I 

Cllj.tJII 

I 

Nil 

I 

CH3.(H0II)2 

(IV.) 


(If.) 

+ 11*0 " 

- cooil 

I 

-lU) CJI 3 .CII 

I 

Nil 


( 111 .) 


—^ 


(JII 3 CO 


(V.J 


Now it will be soon lliul this roac;tiun leads to the rorniation 
of the type of amino-acid most uoinmoii among the pinteiu 
derivatives—tlio tt-aminu-aoiil; for the acetyl group could 
easily ho liydrolyscd away by eiisymo action. 

Tlie a])[i1icatiou of this to more coniple.x ca.ses is nut 
dillicult. It will be remembered tlial in the section ilealiiig 
with the formation of fate it was pointed out that a very 
simple process would lesul finm the carbohydralos of the 
type R- OH. OH—Cl 1. Oil—Cll. Oll-^Cll. OH—CIIO to 
derivatives of thdstructure II—CH 2 —OII 2 —CO—CO—COOH, 
Oxidation of the latter would yield huiiiologues of pyruvic 
acid, the number of carbon atom& iu the group It depending 
upon the length of the cai-bohydratc chain which servos as a 
raw material. Once those pyiuvic acid derivatives have been 
produced, there is 110 reason why they should not undeigo de 
Jong’s reaction and form the corresponding a-amino-ucids; 
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and in this way tho raw materials for polypeptide and proteiii 
syntheses might be produced.^ 

In connection with tho protein syntheses, another point 
of interest arises, though it must be classed as a purely specn- 
latire one. If two molecules of formaldehyde could bo in¬ 
duced to condense together in the following manner, keten 
would be formed; and from this, by polymerisation, chains 
of polyketidcs might be formed:— 

EjC:0 + llaCrO = UgO + CFla:C:0 

Now, simihirly, we might devise a synthesis in the nitrogen 
group— 

NHj + (U0)2C;:0 = 2llaO + N11:0:0 

Tliis compound is, of course, isoinoric witli cyanic acid. 

fFor present purposes, however, our interest in it arises 
from the fact that it is obviously the nitrogen analogue of 
ketoii— 

CHjiC:!) NH:C:0 

and, from this similarity, wo may term tho compound azike- 
teu. Now just ns keton can polymerize to long chains which 
then add on water to form polyketidcs, so aziketcu should 
polymerize and hydrate in onlor to piuduco the simplest type 
of polypeptide— 

Nila CO-NH - CO NH CO NH COOII 

t It is at this point desirable to bring tho matter into touch 
with actual practice. If we examine the formula of uric acid, 
it roquii'os no great stretch of imagination to recognize that 
tho purine compoiuids are derivatives of this tyjK) of poly¬ 
peptide, proltably produced from the open-chain compound by ' 
reduction accompanied by ring formation— 

Nil-(JO Nil-CO - 

I -I <-I 

CO 0-NIL 00 ~C0-NHv 

I II I . ' >C0 

Thus the break-down of the sugars into the various 

, Foz othoc BOggeBtioiis soe and Hill. Ohenustry of Plant Produdt^ 

p. d88 fi. 
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aromatic and pyrono derivatives would And its analogue in 
the formation of the uric acid derivatives from the proteins. 

t Another suggestion os to the production of purine deriva¬ 
tives by vital processes may be put forward. In the break-* 
down of proteins, amino-acids of tlio type U—CH(NH 2 )—COOII 
are formed. Now in the oxidation of tliese, it is possible that 
the liydrocarbon chain K is burned away first, leaving behind 
the poteutial —NH. CO— portions, which may then unite to 
form uric acid and its derivatives. 


17. Cowdudm. 

In this chapter an attempt has been made to sketch certain 
^methods by which natural products may possibly come into 
existence in the organism, but it cannot be too strongly om- 
pliasizud that they aro intendud merely as suggestions and not 
as dogmatic attempts to settle the problems involved. If they 
have brought to the notice of Oic reader the questions wliidi 
arise in this branch of chemistry and have inspired any desire 
to go further into the matter, they have amply fulAllod the 
object for which they were written. We aro at iiroseiit far 
from a definite knowledge of how the vital machine carries 
out its work; but if the ideas collected in the present chapter 
induce the reader to speculate for liimself on tlic subject, he 
will find a most fasemating fiold open to him. 

One point which certainly comes into prominence in the 
foregoing pages is the fact that, by a series of hypdtlioticol 
dohydnitions and rehydrations, it is easy to see how very 
diiferciit types of grouping might bo produced. A system 
which is capable of accounting for tlio production of such 
widely Viuying materials as benzene derivatives, pyrrols, 
pyridine derivatives, pyrones, anthocyaiiins, fats* and alkaloids 
has evidently something more than mere plausibility behind 
it. We are not yet able to carry out those changes in the 
laboratoiy, except iu the cose of the polyketido derivatives; 
bat»it will be suriirisiiig if sooner *or later some experimental 
evidence is not found to bear out much that has been advanced 
in idle preceding sections. 

t Should tho reader wish to pursue speculations in this 
> fidd the following questions may serve to guide his attention 
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to some hitherto uiisnlvod problems. The fatty acids of the 
acetic sciies arii quite common in nature, whilst their hy- 
dro.xy-ilerivatives—with the exception of lactic acid—are 
hardly represented at all. Why should this be so ? Why do 
all the important sugars and starches contain a chain of Ave or 
six or a mnlfiple of five c»-carbon atoms? Why are the 
majority of the amino-acids obtained from the proicins the 
rf-amiiiu-acids ? Why are tlio ortho- and meta-derivatives so 
strongly represented among naturally occurring benzene de- 
I'ivatives, whilst the majority of the terpencs an; derived from 
7 »rtr//-cymenc ? 

tin the case of such broad generalities there must surely 
be some simple solution. 'Pho imrious thing is—nf)t that the 
answers to tluwo fpiiistions are omitted from the oixlinary text- 
hooks, but rather that Lbi- i|nestions do not appear lo have 
suggested tliemselves to the writers at all. 



(JlIArTKK XI 

TRIVALKNT CAHIIOM 

1. Tr'ifihciiylm'lhil. 

Anyonb who "laiicos throiigh tins jdiinials of the chemical 
world for the last few years must b(} struck by tlm enormous 
* production of new compounds wliich is at ])TUScnt goin^ on; 
and, if he I'cflccts at all, he will he driven to .ask iiimsulf what 
criterion should bo applied in onler to distinguish the luidly 
important substiinces from what we may term tlic l>y-])rodiicts 
of synthi'lie clusiiistry. (dearly the only fate which t^aii 
overtiike the majority of those new coni])ound.s is that tlieij* 
dossiers will he "neatly tucked .away in Jloiistein,the Abstracts 
published by the various CbemiiMil Societies, or in otlier e(|un]ly 
convenient depositories of iuform,atioii.” Tliey will remain 
at host in a dormant eoiidition, waiting tlio lime, when some 
Anahyir-aHir-it iiowssitatos a knowledge of their i»i’oiK)rties. 
On the other hand, those new bodies which have any interest 
apart from their melting-jMiints soon become cciiti'O.^ of muv 
researph; and the inont important of them usually lesul to 
invnstigntions extending far beyond tlie constitution and 
properties of the original coinpound. h'or exani]il(}, the 
resoai'cliuH vvliich moi’c than a gmieratioii ago took their rise 
in the constitution «>f acobj-sicetic <!SLor have not yet n\a(jhp<l 
their final sta]^s. 

This mmilica^ion of intci'cst has seldom been so strongly 
marked within i«cent year's >rs in the case of the substance 
teniied triphcnylinethyl; and it is the rapid extension of the 
field of research in tliis division of the subject which makos 
any treatment of the tripheuylmcthyl pjoliieiiidifllcult. In the 
present chapter, it will be iiecoss.'iry to coultuc ourselves .as 
far as possible to the nan'ow ([UC.stioii of the constitution of 
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triplienjlmethyl and only to touch lightly upon the wider 
([ucstinns which ar^ closely bound up with it. 

The discovery of tripheiiylmethyl resulted from an attempt 
to prepare hexaphcnyl-ethanB, which was made by Oomberg^ 
in lUOO. Hu allowed nioleonlar " silver to act upon triphenyl- 
brumo-inothano, and obtained a compound which he naturally 
supposed to be hexaphenyl-etliano; for the reaction would 
normally have taken the course expressed in the forraulie 
below— 

2(CeirB)3C . Br + 2 .\g = (CflTr6)3(:;-C(GeirB)3+ 2 AgBr 

On analysis, however, the substance is found to have about 
0 ]>cr cent, too litulo carbon to agree with the hexa]>honyl- 
ethane formula; and further cxainiiintion showed that it could 
not be a liydrocarbon at all, but must contain oxygen. 

This oxygen might hav(i l)een introduced in either of two 
ways: it might liave been imported through the silver used in 
the reaction : or it might have been doriv(‘.d from tlie air. The 
experiments were tbori'foiv. repeated, other metals, such ns zinc 
and mcruiiry, Itciiig used instead of silver; and still Ibo resulting 
substance w.'is found to l»c oxygennled. Fiom lids it wius clear 
that iitinosplici'ic oxygon was the source of the oxygen in tho 
eiid-j)roduct; and further exporiTneiits wei-c made in whicli 
pn'x:autioua wore taken to exclude air fn)iu the apparatus. The 
eiul-producl in thisciisc diflbredfrom that vrliich had ])reviunsly 
been obtained ; and on analysis it was round to have the cum- 
]M).sitio]i cpirespoiidiiig to hoxaphenyl-otliano. 

An exaiiiination of its pro^Hu-tioa, however, brought (lomliojig 
to tho conclusion that the substance wbicli Jus had obtained 
could not be buxaphonyl-ethane; foi he luul cxpc'cUsd that !<liat 
body would be an (sxtrcmuly stable compound, whereas liis 
synthetic hydrocarbon was very reactive. 

At this point wo may give a rcsiiniu' of tlic chief proisertios 
of the liydrocarbon. Wlieh lirst prepared, it is a colourless 
crystalliuu solid, which dissolves with great n'aUiness in must 
oiganie solvents, giving yel,1ow solutions. Even at zero it 
reacts with iodine to form tripheuylmothyl iodide. Exposure 
to the air even for a short time is suflicient to transform it' 

■ Gomborg, J. Anur. CJmn. Soe., inOO, 28, 757: Bfr., I'JOO, 88, 3150. 
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into a peroxide; and (Somberg ^ has been able to prove that tins 
same peroxide can be produced by the action of sodium peroxide 
on triphonyl-chloro-methane (but not by the spontaneous 
oxidation of tiiphenylmethyl chloride or of triphcnyl cnrbiudl 
under the same conditions). From this wc may deduce that 
the peroxide has the constitution— 


Tile hydrocarbon forms double compoundswith ethers, 
esters, ketones, nitriles, or aromatic hydrocarbons (and amyleuc), 
the composition of those substances corresponding to one mole¬ 
cule of ether (or of the other substances) plus duo molecule 
of hexaphenvl-ethanu. Clombcrg ascribed the formation of the 
oxygenated derivatives to the ciiange of the oxygon from the 
divulciit to tlio quadrivoloiit condition, and formulated tlio con¬ 
stitution of the substances generally as dorivativus vf tlic 
following typos:— 


\l li 

V 

/ \ 

[{ I* 


/ \ / 

<':<) (!:0 

/ \ 


u.n N 


(''(Cg]lQ)3 ^ 

Thu fact that those snbstanot's are actually compounds and 
not simply mixtnios in wliicli the ether or otliejr body is 
held iiicclianically is proved by the fact that similar compounds 
ore formed with carbon disulphide and chloroform, and these 
latter bodios can be boated to 110 ° C. in n stream of carbon 
dioxide without giving up tliuir full content of chloroform or 
disulphide. Wit|i sodium, the hydifticarbou fonns a brick-red 
oompouiid ^ liaviug the fonnula ( 05115)30 . Na which is very 

reactive. . 

• ^ 

There is one further point to which we must dmw attention’ 

' (lOTnlurg, Bor., 1900, 88, 3150. 

« Ibul., 1906, 88, im, 2447. 

* Sohlonk and Marcus, Her., 1914, 47, 1004. 
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though it does not directly concern tho hydrocarbon. It has 
I)ecn shown 1 that tlio halogon salts, such as triphenylmethyl 
chlorido triphenylmethyl bromide ((JeH 5 ) 3 C!.BT, 

wh(jn dissolved in solvents such as liquid sulpliur dioidde 
which have strong dissociating power, have conductivities very 
iicarly equal to that of nicthylauiino hydrochloride. This 
proviu} that in the yellow solutions obtiiiiiod in this way, the 
compounds an; s})lit up into two ions, one of which must he 
(IV *6)3^* 

From the data which wo have givon in the preceding 
])aragraphs, it is (di^ai- that, tho problem of the constitution of 
(lomlxjrg’s synthetic hydrocarbon opens up a wide field for 
s]H!culalion; aTid niimerous attempts have hecu made in recent 
yuiU'H to disciover the solution. Four views have at one time 
or another gsuned a certain amount of snp])ort, and we shall 
deal with those in turn in the following sections. 


2. yVtc Trivalent (Jarhon Ilifimtlienui. 

Tho ^(^‘ictions of his synthetic hydrf)carhon—Avhich wo may 
for the s.iki‘ of con veil iencn term triphenyiiin'lhyl- IimI (h>ni* 
horg^ to fill! forward the view tlial. the siihstiince contained one 
carhon atom attiudicd to thn ‘0 phenyl ludieles, hut liaving no 
foiirih radicle attached to it:— 

The fonrlh valency of the carbon atom may be. supposed t" lie 
fi-ee, or to lic absorbed l»y the wsidnal valency of the tlireo 
f)heiiy1 gnaips. This eonceptiou of a trivalent carbon atom cj 
really not so extraordinary as it seems ; fur \re might consider 
that ethylene derivatives contain two adjocout^ carbon atoms of 
this type, instead of writing their stnictural formula) as wc 
usually do with a double Ixind between tho two uusaturated 
carbons. 

} Wnldoii, /lrr„ 1902, 95, 201S; Goniborg, ibid., 2016. Comparo Gomlierg, 
Aw., liiOTi, 38, i:t42. 

* Gomberg,Amr. CJum. Sor., liXK). 88, 767; Ber., lUOO. 33, 8160. 
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In favour of this cnnstitntinnal formula for tripbenyl- 
methyl wo may urge tlic evidoiiue derived from the reactions of 
tho substance with iodine and with oxygon, both of which can 
be expressed quite simply:— * 


(OoIlfiV- 1 (CrtllnV'.I 

+ I = 

(n„ri„),(i o ((ioirc).,<j o 

+ II = I 

(Coiwj o aws^' o 

And we might iilso adduce the simplicLty of tlio forinul.'o for 
the cloiihlc* compounds r)r triphenylinciliyl with ethers, ketoues, 
nitriles, (dc. 

All that tliis amuuuts to, liowover, is that wo can cfxpress 
these iitactions in a stniightforwanl manner on tlic nssum]ition 
of trivalent carbon.* If wi* can evpi'ess them equally coii- 
viiiciugly hy means of a. rormula containing only qiuulrivalont 
atoms, then wo should Ins ontithul to reject the trivalent 
carbon view as adding an unnci-cssary assumption to our 
iiHiml ones. 

Rut tiiiiTU an' facts which conflicd with the trivalent ciirhon 
view, (lomhiirg and C'onc^ have sliowii that the, three jdienyl 
radicles do not possess identical jn’operties, as they should do 
if the sulistancc actually ha<l the Lriphenylmethyl stnicturc. 
We necMl oidy outline their proof here, iis wc shall* have to 
relnni to it in a later siadion. Ry subjecting para-rosnniliiio 
to Sandmeyer’s rt^iclioii they obtained tri-/»-hi-c«mo-trip]ienyl 
carhinol, wliieli, by the action of liydrochloiic acid, was trans¬ 
formed into ti*i-;>-bronio-tripbenyImetbyl (ddoride- -- 


* Kalb !incl flayer {lin-., 46. nH7») atali' that 2, 3'-diiilicnylt]iioiiKligo 

whitn (T ) ilinrtouiatiw jn aolntion into twu fri>n nulicJpH oaoh GoiitaiiiitiR trivaliint 
carbon unci baviiiK tliu structure (11.)— 
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' (4ombci:ig find Cono, /At., lilOG, 80. 3274. 


(II.) 
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When this substance was treated in tlic usual way with silver, 
it gave a substance analogous to Iriphenylniethyl. This new 
compound formed a peroxide just as triphcuylnicihyl d(X)s, and 
therefore (if the trivalent oarlioii i<l(‘.a be (toiTecl) we may safely 
assume that it is tri- 7 *-)»romo-triph(Miylnielhyl— 

r>i- 



Now the tri-z^-hiomo-triphoiiyl chloride was scaled up in an 
air-free Jhisk with excess of molecular silver, and the wliole 
was shaken for a considitrahlo time. At the end of this, it was 
found thav the silver had I'omuvtMl all the chloiino (reaction of 
triphonylmethyl formation), but in addition it had abstracted 
one atom of bi’ondne from the ring of one of the phenyl groups. 
Since there was excess of silver prcj-siiut, if all tin-, thiue phenyl 
radicles had identical properties we, shuiild expect that they 
would yield up their bromiue simultaneously. Furtlior, the. 
now compound produced by thu elimination of bromine was 
not a peroxide similar to that formed by triphenylmethyl, nor 
did it yield such a peroxide when exposed to air. The experi¬ 
ments were reiieated with other halogcvi derivatives of tri¬ 
phonylmethyl, and leA in those cases to similar results. It is 
thus shown: (1) That the substitution of three bromiue atoms 
ill the position para to the '‘trivalent” carbor^ of triphcnyl- 
methyl in no wayinterfeixis with the activity of the substanoe; 
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(2) further action of silver eliminates only ono of the three 
bromine atoms, so that one nucleus differs ^in the other two. 
From (1) tho complete analogy between Iripheuylniethyl aivl 
its tribromo-derivative is clear; and hence we arc entitled to 
draw the conclusion that the infercnco in (2) is valid also for 
the parent hydrocarbon. But if iii triphcnylniuthyl we have 
one phenyl nucleus endowed with propcu-tics not sliarcd by the 
otlier two, it is evident that a symmetrical foriiiula-- 

* . 

tyia-0 

cainiot give a true ropmsentutioo of the substance's ju-uperbiuB. 

A further cnniplicution is Liitn)(lucud into the ]irobluiu by 
a consideration of the molecular weight of triphunylmethyl in 
solution. If \ve iis.sume tluit. tlie free radicle triphonylmuthyl, 
CiyHis, is present, then tlie muluciiliir weight should be 243; 
whereas if hexaphcnyl-etham! is formed, its molecnliir weight 
ought to be 480. Actual experiments sliovv tliat in naph¬ 
thalene at 80' (j. the niolccnloi' weight is 414; whilst in 
beuxeue near O ' C. it appears to be 480-485.^ TJieso insults 
suggest that under ceriaiii (tondibiuu.s the liexajdienyl-othanu 
dissociates bo some eslent into triphonylmethyl radicles. 

Tiiis idea has received further support from the work of 
Sohloiik^ on other eompuimds of the iriplieiiylmcthyl type. 
Thus tho molecular weight of plieuyl.xauthyl (1.) is* 257 for 
tho mniimiioloculai* (Irivuleiit carbon) form and 514 for the 
biinolocnlar (quadrivalent carbon) siibstiince. TJie actual value 
found in beuzoue by the ebullioscopic method i-s 270; pointing 
to the probability that 82 por cent, of the substance exists in 
the solution as a free ntdiclc whilst only IS per cent, of tho 
bimoleoular form is present. Again, phonyUbiphenyl-a-naph- 
thylmethyl (II.)•should have a molecular weight of 800 for 
the free radicle and 738 for the Umolccular form. In boiling 
benzene the actual value deteriiAued was 362, which proves 
that the substance exists under these conditions as the free 
radicle. 


* Oombeig and Cone, Ber., 1 iX)4, 87, 2087; 1906, 88,3274. 
> Behlonk, Annaten, 1012, 884,178. 
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il liiis Ixxm sliuwn liy riccnrd ^ that Iho colour of tripheiiyl- 
iiiulliyl solutinuH '.ii other ilcopeim on dilution,* which flu^gests 
that tho lowering of the concentration is accompanied by an 
iucrcase in lliu dissociation of the biiiioleciilar form; whilst 
(loniliorg and Schocflic^ have studied tho inllucnce of the 
constitution of the triiirylnietii'Is upon their degree of 
dissociation. 

The foregoing evidence is thus somewhat confusing. On 
tlie one hand, it praves that triphoiiylnictliyl cannot be 
synimctrical in slructuTc; and on the otluT sido it (“^liiblishes 
tho iiict that tlie triarylnictliyl dorivutives do iiotiuilly exist 
in solution in the form of five rudiclus. It is clear thiit we 
must seek further if we aiv to find a satisfactory solution of 
the problem. 


■ y. The. lTv9\aiihrnyl-dhant'r Jhjimlhcfth. 

When Clomberg’s hydrocarl»on was first prcrwircil, its 
pivijui'ties were found to be so dillercnt from what luul been 
e\{xictcd of hexapheiiy 1-ethane (hat the latter driicture was at 
once dismisseil as incapable of giving a pixipiir TO]>resentation 
of the ivsictious of the new subsLance; but as time went on, 
and more information with regard U) tho properties of the muiv 
highly phonylatcd ethanes was acqiiiivd, it*'seemed as if the 

‘ f iocfttd, Aimahm, 1911, S81^ 347; comparo Haniussoh, ibid.^ 884, 185; 
1913, 398, 879. 

* Normally, of coutbo, dilation hiw no Influonco on absoiptioa power Hinoo 
the llght-ray paBses through tho Bome numbot of molooaloa in eithor con- 
eentiated or dilate solutionfi, provided that the (hicknosa of tho layer 1b kept 
directly proportional to tho degree of dilation. Tbia ia known as Boer's Law. 

' Qomborg and Scliooillo, J. Amer. Chem. Soe., 1917, 89, l(i5S. 
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eai'licr view had bouu rattier hasty, and that there was a certoiu 
amount of probability iu the idua that (jlombcrj'’s compound' 
was, after all, merely hexapheuyl-ethaue. « 

Jj’or two years, however, this view was kept iu abeyance, 
owing to the fact that TJllmann and lk)rsuin ^ hiul ayiitliesixod 
a substance whicli they n^arled as hcxaphenyl-etlmne. This 
body was obtained by reducing triphuiiyl carbiiiol; and its 
properties corresponded to some extent with those which liuil 
been anticipated for hexaplieiiyl-ethane. In 1004, however, 
Tschitschibabin’* established the constitution of this supposed 
hexaphenyl-cthane, proving it to l>e a compound of the follow¬ 
ing structure:— 

The I’enioval of tlio siip])usod hoxa]>honyl-othane iniun the 
litcratuie thus left (>21011 the possibility tiiat (lomborg's tri- 
piienyliiiethyl ruiilly had the hexa^jliunyl-cthaue structure, and 
Tsebitschiliabin^ ])ut tliis suggestion forwai'd, basing his views 
on the following coiisidoratioiis. 

Ill the first placo, wo liuve to account for the I'eactivity of 
tripheiiylineihyl, and show why a conipound of the hexaplieiiyl- 
cthane striictuit; should lx; loactivo. Tscliitscliibabin pointed 
out Uiat an acciimiilutiori of electru-ucgative atoms or radicles 
in a molecule tends to make it much less stable. For example, 
Ziucke showed that the accumulation oi' chlorine atoms in the 
plieuul molecule leads to its degradation into simtder suhstances. 
Again, spatial factors sometimes conic into play and cause a 
saturated substance like trimethylone to behavo as if it were 
an iinsntmutod liydrocarbon. These considenitions shew that 
wo must be jireparod for cortaiii anomalies and must beware 
of judging pniblems of constitution on too rigid lines. Furtlier, 
it is not necessary to assume an unsatuiuted structure for 
triphenyi-methyl merely in order to account for its itiady 
reaction with oxygen to form a pei'oxide, for Gomburg himself 
has sliowu that tlic fully saturated analogue triphenyl-iudo- 
methane I'eaots iu a* similai- manner. Nor is this all; for 
when we examine more carefully the behaviour of thu liighly 

I TTlltnaiin aud Uorsuin, Bcr., 1002, 85, 2877; Qomborg, ibid., 3011. 

■ Tbobiteohibabiu, Her., 1901,87,1700. 

■ Gomberg, Ser., 1902,85,18^6. 
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phoiiylatcd ethane derivatives \vc shall find that they are- 
by no means so stable as analo^'y would loiul us to expect. 
Tschitschibabin *■ has proved that even below its melting-point' 
pentaphcnyl-elliauu is attacked by air; at a temperature of 
only 150° C. hydrochloric acid in benzene solution nets on it 
so powerfully that the bond between the two ethane carbon 
atoms is broken, and such products as tetraphenyl-othane, tri- 
phenyl-niethaiic, and tripbenyl-chloro-methane, are foimcd; 
whilst Cone and Robinson ‘ found that the action of phosphorus 
pentachloiido in boiling l^nzeno broke down the peiitapheuyl 
derivative into triphcnylmethyl chloride. 

Against the boxapheiiyl-ethane hypothesis we may adduce 
several arguments. In the first place, triphonylmothyl is a 
colourless solid, Imt its solutions arc deep yellow in tint: no 
ordinary benzenoicl derivative is known which behaves in this 
way. Stronger evidence is to be l-.'iind in the work of Gombei^ 
(mentioiied in the previous section^ by which he showed that 
one phenyl gnjup hiul properties diflereut from those of the 
others The ordinary hoxaphcnyl-ethano formula gives no 
indication of this. Thinlly, Gonibei^" has proved that his 
hydnicarboii ean esisily be convertt'd into that which was 
obtained by Ullmaiin and Dorsum. On the hexaphenyl- 
etluuie hyix)tliesis, this reaction would run the following 
00111 * 80 , which is iNirallcl to that which is taken in the semidino 
change— 

CeHg Oflilg 

/ •/ 

((yy,c;.o c,ii, - , ((i,ir,rj,(j.«Vu.t'!i 

\ 

0 ^ 114.11 I 

U.Celli.NII.Nri Ce[f 4 .Jl - - li.C 0 H 4 .Nll.CV14.NH8 

I 

But Jacobson,^ the greatest authority on the beu/idiuo and 
semidino changes, regards such a ohaiigc iu the triplienylmothyl 
series os most unlikely. Lastly, we have already seen that 

‘ Tschitfiohibabin, liar., 1907,40, 867. 

* Oouo and Uobinson, Her., 1907, 40, 2160. 

* Gombeig, Her., 1902,86, 8916; 1003, 86,876. 

< JacolMon, Her,, 1904,87,196. 
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one of the most marked characteristLcs of triphenylmethyl 
is its capacity for forming donklo compounds with solvents; 
but no such property seems to lie possessed by comiwiinds 
analogous to hoxaphonyl-cthauo. 

From the foregoing paragraplis. it is clear that most of t&o 
arguments both in favour of and against the hezaphcnyl-etluine 
view depend to some extent upon analogy; and we must be 
careful not to lay too much stress ai)on tlio.m unless we ait) 
satisfied tliat the analogies really hold gooil. If we rule out 
the arguments based upon what a compound "ought" to do, 
it will he seen that the evidence remaining—(iumlicrg’s dif¬ 
ferentiation between the phenyl nuclei—tolls against the hexa- 
phenyl-otiiano hypothesis. 


4 . (fuinonffU IfjjyioUu'Hex. 


If we reject the two hypotheses which wo liave dealt with 
ill the preceding sections, it is clear that we have still a tliinl 
possibility open to us: for bodi the tripliunylinothyl view and 
the hexapliuuyl-ethaiie explanabioii were liased on the assump¬ 
tion that the phenyl nuclei in ti'i))hcnylmethyl were lieuzeiioid 
in elinrimter; so tliat by assuiiiing a (luiiionoid struoturc for the 
siihstaiici! we shall arrive at totally diflbrotit types of formula*. 
The quinonuid ooiice]ilion of triphenyl methyl was put forward 
vu'iy early in tin* compoiimrs history by Kehrmaiiii ‘ -- 


( 


yUH--OIU 

•/ Nj i 

\(Jll==()Jl/ 


()(('(tll5)g 




This suggestion, involving as it does the assumption of a 
divah-.nt carbon atom, meets with little ajiproval at the present 
time; and since other formiihc of the qniiioiioid tyjjo have since 
been suggested wliich do not necessitate such a {Nistuhite, we 
need nut ileal further with tin's one. 

fn I0U3 lEoiiitscheP put forwaiil a new suggestion. On 
his hypothesis^ the first step in the synthesis of tripheiiyl- 
methyl is the cmiversiou of triplienyl-cliloro-metluino into a 
(lusmotrepic form in which the ^'Jiloriiio atom iisis been shifted 
into' a position para to the methane cai'bon atom— 


' ICclirinaiiu, lier., 1!X)1, M, 381S; hoo altio Norrifi and Sandon, .4m, Chem. 
J., lOUl, 26,117 ; and Uoniliorg, Utr., IU02, 36, 1824. 

* Iluiiitflcliol, Bcr., lOa*), 36, SSO, 57U. 


U 
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0,11,/;^ %cu on/' 0,114/ \oii=>ch/\ oi 

Cl 

liy tho action of metals, two chlorine atoms are withdrawn 
from two moloonles of tho chloro-compouiid, and in this way 
triphenylnu'thyl is produced— 

/Cl Ck /CIF^CIIs /CeHa 

N;-=()^ 2A8 :{/ Ni-(/ 

C„Hb/ (1JI--CII^ ir 11 / (ill-CM NCflHa 

-2AgCl 

/CJI -(i|C .(ill-CM Ccllj 

^l-(! 'CM CM (i-C, 

(yi/ 'Cii-cii/ •^CM-(!M. \(yi5 

An oxaminalion of Muiiitacliol’s formula will show that it 
tioutnins two ipiiiiniioid phouyl niiuei. JnuolisotC proposed to 
modify this, making' only one phenyl ^roup (piinonoid.as shown 
helow— 

lyifi M CH-CM (yi- 


/ 

‘■V.II 5 " 



CM . (111 ('flllc 


This view makes Iripliimylmethyl a derivative of a snbstiuicu 
approaching the quiiiole ty})e; and as the itiautivity of tho 
(piiiioles js quite abnormal, we might expect cousideiuble 
rciictivo power from a horly having tho structure proiKistul 
by Jacobson. The change of the Gouihci^' hydrocarbon into 
the substance peeparad by Ullniaun and Rorsiirn can ah-j be 
easily explained on i.his hypothesis, as the wandering of a 
single hydre^eu atom is suflicieut to account for tho isomerisa¬ 
tion— 


• N. V 

<J,I1,-C-/ ■ >0,11. 0-< 


l/Oolfn 


0 ,11, U' 0,11, * 0,H,' 

■■ ■ . \ ^ 

>-<^a 

'/ \ •'' \ ji 

0,11, • 0,11, 0,11, Oja, 

Goroborg's hydrocarbon. Ullinann and Bommn'B bydrocarboo, . 

' i Jacobson, Her., 1904. 37,190. 
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The Jacobson formula helps ns to understand the fact that 
this substance, contoiniog six phenyl radicles, can act as if it 
had the constitution of triphenylmothyl; for if it be assumed 
that the molecule is decomposed by lialogens in such a way** 
that the single bond between the quinonoid nucleus and the 
a(]yacent carbon atom is loosonod, thou wo should havo two 
*' triphenylmethyl" ludicles sot free which would at once iijact 
with halogen atoms giving two molecules of triphenylmethyl 
halide. 

The quinonoid formula also makes clear the meaning of the 
experiments of Gomberg and Cone ^ to which we moile reference 
in n previous section. Let.us take for example the case of tri- 
y>-bnimn-trip]ionylinethyI chloride— 



It is cloiir tliat, wlieii it is c.ojivorted into tri] henylinetliyl by 
the action of metals, one of the phenyl radicles must become 
quinonoid; and an examination of Lhc formula of the substance 
which would 1)o formed if the quinonoid view be ('.orqsi't will 
show that one of the halogen atoms (marked with an asterisk) 
should possess the pro[)urtieH of a halogen atom attached to an 
'aliphatic chain rather than those which are. shown by halogen 
atoms hound to aromatic micloi— 

IhCgU^-tJ / 

lhC|ll.t/ ^ ^ ''<JoU4Hr 

Hr* 

^Nqw, such a halogen dloiii will be more cosily attacked by 
metals tlian will lie the cose with the other hroiuino atoms in 
the compound in question; so that we should expect tnat the 

> aombecg and Couo, Bm-., lUOS. 39, 3274. 
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action of an excess oi', say, silver upon the tri-p-bromo*tripheiiyl- 
methnne chloride will result in two reactions, the first of which 
will lend to the elimination of two chlorine atoms, giving rise 
to the compound whose formnhi is shown above, while the 
further action of the silver will remove two hromiuo atoms 
from two molecules of this body, the result lieing the formation 
of a substance having the constitution shown liclow-— 




\/l’t **‘\/ 

/\!|(Wlr)3 (f!ori4Kr),o/\ 





(Coi^iirv;-<( ) 

(J^tJ0H4llr)j C(O0l]4l5r)3 

The msiilts obtained expcrinientally by (jomlicig and Cone 
])roved that one of the phenyl nuliclesdid nctiuilly change from 
the bonseuoid to the (piinoiioid form; hut in the view of these 
oxiierimeuters the .assumption of this change,alone w.as not 
Huincieiil. to account fully foi' the pixiblems which tlie pniperties 
of triphenylniethyl suggest. 

We must now turn to examine the objections which have 
been bmught against the ipiiuonoid view. 

Tschitschibnbiii ' pointed out lluit one of the most speedy 
and a]>[M)]’ently simple reactions which tlio triphenylniethyl 
derivatives undergo is the formation of the peroxide— 

but that if wo ore to explain this according to the Jacol.^u 
formula we should have to aosume an extremidy complicated 
isomeric change as the first step in the process. 

Gomberg and Gone ^ drew attention to the fact that Jacobson 
nnikos triplumylmcthyl n derivative of a a^ibstonce analogous 
t 4 i a secondary qniiiolo— 

rt'IIU’-/ ' 0-/ 

‘ OH 

I'fKshiltichibAlriii, Her., I'JUS. 38,771. 

Gombrrg and Cone, Per., lilOO, 38, 771. 
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Bub since socondsiry qniuulcs have nob yet been proved to bo 
capable of existeiico, these iinthors consideved doubbfiil the 
exisbonee of compounds of the Jacobson type. Fuithuriiiure, 
if wo grant the possibility of their exisbenuu, it is probable that* 
they will behavo like ordinary qiiinoles, and hence their reac¬ 
tions with acids should resemble to Home oxtent Ihe nnirrange- 
meiiis wliicli quinolcs undergo under the same condilions. Now 
ill tho quiriolcs, the alkyl group usually wanders to the ortlio- 
position; whence by analogy the substance produced by tlie 
action of iicids upon triphenylmothyl (Ullmann and Boi'sum’s 
liydrocarboii) should be represented by tlie formula (1.) and 
not by (ll.\ though Tschitscbibabiii believed that (II.) Wits 
formeil. The.se aiguinents, as the authors theniselves ;ulmit, 
are piiroly tliooretical, and depend largidy upon negative 
evidence. 


( 1 ) 





Ki'om a somewhat similar sluudpoinl Auwers' has iTitieized 
the JcU'-ribsoii formula, lie points out that the para-methyleiic 
<[uinonoid derivatives .show sucli a leiideiicy to rovert to the 
bcnzenoid Ktriicture that in some casus a profound intramolecular 
change may take place, fur example, in the compound (1.) 
below, the group —CIKH^ wander.; from its original, position 
to the atom next the ][>.ira>c:irlx>u atom in order to fruuiitule 
the foriiiatiou of tliC iMiii/enoid riiig(M.) in preference to the 
quinoiioid one- - 


(ill.. 


U 

/ is. 

II 

(Jlla 

(I.) 


OJI3 

(JHa.lTlOIa 

( 11 .) 


' Auwoca, Her., 19U7, 40, 2150. 
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Hy analogy, it suoins hardly likoly that the liydrogen atom 
marko<l with an asterink in the Jacobson formula would remain 
fixed in its present position when, by a similar wandering to 
iihe para-carbon atom, it could allow the compound to revert to 
tlie beuxenoid type— 


/ ^ 

•M 




Tiiiit such a wandering niusL bo passible is shown by Uie con¬ 
version of the Jacobson coinponnd into that of Ulliiiann and 
Iforsuiii by the action of acids; but it seems 'strange that 
a compound of tho Jacobson formula should exist in the free 
state at oil. 

Against the Ifcintschol formula (A), it hns been alleged by 
Tsehitschibabin* that it should bo easily isoinerixed into a 
euiiipoimd having the stractiiiv (1*^; whereas in pmcticc no 
such cliniige takes place— 

II 

(A.) 

(B.) 

From tho foregoing summary it will bo seen that the aigu^ 
ments both in favour of and against the quinonoid structure for 
tripheriylinethyl are based very largely upon considerations of. 


^ TBuhitsabibubio, Her., 1905, 38, 7T1. 
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what a compound “ ought ’* to do if it has a stnicturc analogous 
to some other compound, the latter bexly being as yet undi8> 
covered in practlco. As far as the relevant evidence is cciu- 
cerued, it certainly goes to show that the quinonoid formula 
is a step in advance of either the tripheuylmetliyl hypothesis 
or the hcxaphciiyl-cthane view, though it fails to account for 
the molecular weights established by iSchlcuk. 


5." Tlte TmiUnncnsm Jlffpoikedn. 

We have now exhausted the puasibilities of static formula} 
to explain the behaviour of ti'ipheiiylmethyl; and it is evident 
that the 1*0811118 have not been completely satisfactory. All the 
three views which wc have discussed in the foregoing sections 
have certain advantages; and each has its own drawbacks. It 
thus becomes clear that, if wo are to make any further progress 
towards a solution of the prohloiii, wo must contrivo some means 
of uniting the advantages of tlie various formuho; while at the 
same time we must uiniuavonr to inininiixu their weak fniinis. 
fu order lo do this it is obvious that we must turn to modern 
dynamic uleas and loiiresent tripheuylmetliyl ns a series of 
equilibrium mixtures of isomoiidcs. (iomlierg ^ has developed 
this line of thought; ami if his results do not ropieseiit the 
truth, it seems prub.ih1e that they come very close to it. 

(lomberg’s later views took their rise in the fact that there 
are two viirieticB of Iriphenyl methyl which dillur from each 
other in colour: the solid form of tho sulislanco is colourless; 
but in solution this is changed into a yellow compound. 
Sdimidlin^ 6tate.s that he has obtained the two forms of tho 
substance in solution. Now, (Jomheig assumes in the (ii'st place 
tliat thei'6 are two tautomeric forms of tiipheiiylincthyl, OagUao * 
and in tho second place that the radicle triphenyl methyl, 
(^e^ 5 ) 3 ^> exist as such and is also capable of tautomerhsation. 
Let us now take up the possy^lo constitution of the solid, 
colourless modification. This we may suppose to he hexaphenyl- 
ethane. It is evident that wo may assume tautomeric change 
in this oompound, leading us to tho following structuie:— ' 

I Gomborg, 1907, 40,1880. 

• Sohmidlixb ^r., 1008,41,2471. 
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(!gH( 


/ 


(!J\, 0 - 

(J(( ijjl 




■\/II 


This iiltumtiuii of tliu bun/onuid into tliu iiuiiioiioid form would 
Ijo iiucoiiipiiiiiud by a change of tlio siibsLuiiuu from culouiiuss to 
yellow; uiiil .siiiuo all ordinary nolvents suoiii to bo capable 
of yielding yellow solutions of triplieiiylmethyl, we may assuino 
tliat tills cbsiiigo from llio beii/enoid to the rjuiiionoid form 
lakes place under the aelioii (d' most solvents iliiring the process 
uf solution. 

We must now go a step further and deal with the behaviour 
of triphenylmethyl dissolved in a medium of high dissociating 
power, liquid sulphur dioxide. It has Ihsoii proved by Walden * 
that a Kifliition of the hydrocarbon 'n this solvent possesses 
a fairly high eonduetivily, and that the molecular conductivity 
iuci'ouse.s with the dilution; in other words, tlui substtince 
behaves just like an unlinary iouiml salt. From this behaviour 
(iomhei'g dediKH's th.it tiiiiLomuri/atiun is liul the only change 
whuih triphenylmethyl undergoes as it is tiissolved; but that 
in addition it is dLssociaLed''^ into two ions which we may 
ropreseut as below. The anion i.s supposed to have the benzeii- 
oid structure, while the kation is ipiinonoid— 

(Quiuoiioid) dl1 + 

' j~ 

(Uenxe.noid) 






< Ml this view the action of iodine upon triphenylmethyl solu¬ 
tions is explicable. The iodine in solution is snppu.sed to 
interact with both the anion and the katiiui, yielding one 
moldeule of benxenoid triphenylmethyl iodide and one mole¬ 
cule in the qumonoid form; but since the latter seems .to be 
incapable of existence in the free state, it is osBumed that 
it undergoes intramolecular change at once and produces a 
beuxenoid molecule. When wo turn to the action of oxygen 

^ Walden, iSeit. phys. CJiem., liK)8,43, 44S; Oombezgand Gone, Ber., 1904, 
97, 2408. * Compare Dq Trans., 1919,116,127. 
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upon Iriplienylniutliyl in sululion, huwcvur, \vc linvc a soincwliut 
dillci'ent state of adaii'S, siiieo only tlic uuioii unilus with oxygon. 
(Tills follows i'roiii the fact that tlio pui-oxulu foi'iinxl has tla^ 
bonxeiioid sti'uctui’c, whuruas the action of oxygen upon the 
quinunoid ion would give rise to a liighly complicated product 
whiph is uot observed among the reaction products.) Wc arc 
thus led to the further assumption that in the process of ixiroxidc 
fornuitian the first stop i.s t.ho oxidation of the ben/onuid ions; 
astiiosu arc romovod from the solution, u«piilibi'ium is disturbed ; 
and, in order to ro-o.stal)Iish it, some of the rpiiiionoid ions must 
ru-tiiutoniorixo into the benxcuoid form. They in turn ai'c re¬ 
moved by the oxygon ; and the jirocess cuntiiiucs until all tlio 
trlphonylmotliyl is oxhaiistoil. 

> Thu same lautomcri/ation process can be inviikod to explain 
why Iriphenylmethyl gi\os a yellow solution with ethers, tislers, 
and ketones, while the solid double conqsiunds which ciyslal- 
lixu out from these solutions are colourless. In this case tlie 
lienxunoid ions may Ixi ussumod to unite with the (|uadrivalout 
oxygon of 1 he ethers, etc.; and in order to take thuir place 
sumo of the quiuonoid ions aro couvei'U'd into bonxenuid ones. 

Accoiiling to (ionihei^,' then, we can explain all the im- 
jHU'tant pro]iurtios of tripheii}linethyl on the basis of the 
following hy]iolhcsis: (1) tautumerixatiun of hex.'i|)henyL- 
ethane to a (|uiiuinoid substance having the daeobson formula; 
(2) iNirlial dissoi'i.itiuii of tins compound into jiosilive and 
negative ions in all solvents; (o) mutual iiiterooiivertibility 
of these ioii.s by lautoiiierii; cliaiigo; and (-1) tbe exislencu of 
trivalciit carbon atoms giving rise to froe radicles. Thus a 
complete represenlalion of tripheiiylmetiiyrs niutations is 
given by the following sclieine:— 


((wr- 






1 -/' ■ 


fl 






II 


1 Gouibergand Schoclllo, J. Amer. CAm. Soc., 1917,89,16S2. 
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One final piece of evidence may bo mentioned hero, though 
its bearing niioii the tripheuyluiethyl ]>Toblein is an indirect 
1 * 110 . If we discard the hypothesis of a rpiinonoid structure 
in triphonylmothyl, we are driven Ixick to the idea that the 
three phenyl radicles, in view of their great amount of residual 
affinity, idh'Ut the iburlh valency of the methyl carLion atom 
and thus allow its trivalunce. Ihit if this were so, then three 
other unsaturated radicles should have the same elluct. Now 
tetranitroiiicthane in certain solvents ^ shows a dovclopiuent of , 
colour similar to that exhibiteil by triplionyluiethyl; and it 
might be assumed that unrler these circumstances it was 
dissuciated into a ^ree nitro-group and trinitroiuetliyl:— 

(NOsOsO.NO* + -NO^ 

'J'lie fuel tliat the absorption baiiu produced is independent of 
the nature of the solvent used’* (; ruvided that any colour is 
doveloped at all) seems to sii[)[)ort this view. 

To test this idea, a scries of deterininatioiis of the molecu¬ 
lar weight of tetranitruinothaiie was Carried out** in solvents' 
yielding coloured soluLions with the solute uinl also others in 
which no colour \va.s <1eveloped. The method employetl was 
the cryoscopie one. In no cose was any sign of dissociation 
to be found. Soliitious of tetraiiitromuthanc in ocetie acid 
(whciu no colour i.s exhibited) and in naptlialuue (which 
cliaiiges to tlic tint of asolieiiKCiie in jiresence 2 i>ur cent, of 
tetrauilroiucthane) gavo freezing') loint depressions agreoing 
with the iiioleeiilar weight of tolranitromcthaue within 0'2 per ' 
rent. Kvidontly no dissociation occurs in this caso, although 
the thmi nitin-groiitis am (|iiite as “negative” und nuBatiuated 
as the thntc jihuiiyl rudicles of triphenylmeihuno are. This 
seems to show that the ex]jlauation of the behaviour of tri- 
plieiiylmethyl must be sought in the nature of the phenyl 
radicles as distinct from their mere residual affinity. 

rn ' Ostroinisslonaky, J. inr. 1911, 84, 489; Olarko, Moobetb, and 

^Stewart, Proe., 1918, 89,161. * 

Harpor and Mneboth, Trans., 1915,107, 87; Mooboth, ibid., 1624. 

* Stowatt, unpubliBbod obeorvatiou. 
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6. UdopheM Amdoguis of TnphmylmUhyl. 

Gomborg and Jickling^ have uxteudud the study of free 
radicles into the region of the hctcrucyclic compouiidk Erofn 
n-iodothiopheno and benzophenono they proparedf by the 
Grignord reaction, thienyl-diphenyl carbinol; from whi^, by ^ 
the action of hydrogen chloride, they obtained the correspond¬ 
ing chloride. When the last substance is treated in benzene 
solution with molecular silver or other metals, it uxliibits a 
deep red colour and absorbs oxygen freely. Tlio amount of 
oxygen abaorbed iudicates thiit the following reaction probably 
lakes place:— 

• C4Tl3Ss 

2 0eHr~<’ + (»2 = 0 0(3 Gfllla 

\(yi8 

thus bringing the new compound into line with triphenylinelliyi 
in peroxide forinution. 

This opens up pro.sj)ucts of considerable interest; for tlic 
produclion or noo-productinu of ii trithienylmethyl would 
tliiow light iijxm the coustLliitioii of triphenylmothyl itself. 


^ (loniborg and Jiukliug, J. Amer. Client. Soi., 1913, S5, 446. 
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OTIfKU Klil-JRIKNTS VVIIIUII ItlXIIIMIT .ViiNOKMAL VALKNOy 


A. IUTKMDUUTOItV 


In view of tlio iiiLurusl excited by tbo triplieiiyliiiclliyl problem 
ii'um 1000 oiiwaixLs, it seeiiie kI range that no one at that time 
a]>i)cai's to have tlionght of exatniuing other conipounds which 
HliowRoirie striictiiriil analogy wJtli hexiiphenyUcthsim*. 




CJIg-IMUIoIIa 

(VIb«S(’6Hc 


In iMich of the foriuule shown above there is a syininotrical 
striictiiit); all the forinul.-e conUin a central single bond in the 
inoleeiile; and the various substances roincsenl the highest 
possible phenyl-substitution pro<luct of tbeir ty]>u. 

A coiniNmnd has now been isolateil whieh from eertidn of its 
reaetiuus, appears to contain Irivalent lead, tliougli it dill'ois 
to some extent fj'om Uie carbon analogue, triphcnylinotliyl. 

Tetruphonylliydrasine was already known at the time 
when ti'ifihenylmethyl was arousing interest by its xicetiliar 
natuiY); yet no one seems to have been struck by the analogy 
iMitwGini it and hcxuphcnyl-ethane; aud it was quite accident¬ 
ally, in 1900, that the tdose correspondence between th>. two 
series was iirst biDuglit out in practice. It iias since been 
shown that, just as the free mdiclo triphenylmetliyi can exist 
in solution, so can tlie corresponding dipheiiylhydrasyl grouping 
(W, N apxiear in the free state; and if carbon is to bo con¬ 
sidered ns a tiivalcnt element in oortain circumstances, we 
cannot deny the possibility* of divalent: nitrogen derivatives, 
between the two series a strong resemblance undoubtedly 
exists, though the bond N—N is much less readily mptiired 
than is the case witli tlie single linkage between the central 
Goi'bou atoms of Gomherg's hydrocai’bou. 

3c» , 
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With regard to the analogous phenyl derivatives of the 
divalent elements, it is found that experimental evidence^ 
points to the possibility of aryl peroxides yielding dissociation 
productswliilst apparently diphenyl disulphide can, under 
certain circumstances, give rise to a free radicle. There are 
indications that deiivatives of monovalent mercury may lie 
capable of existence. In the following sections of this chapter 
the behaviour of those compounds will be briefly surveyed. 

B. T«iVALENT Leah 

When to au ethereal solution of magnesium ;i*2-xylyl 
bromide wo add finely-powdered lead dichloiide in the pro¬ 
portion re(|uired by the equation:— 

.3 PbClj-f- CRr. Mg.CgTTg = 2Pb(C8lTg)3+Pb -|- 3 MgClg-f 8 MgBra 

a greenish-yellow crystalline material ('an be isolated Jrom the 
Teaetion-iiiixture.''^ The molecular weight of the substane-e, 
determined by the cryoseopie method in bcnxeiie solutioii, 
corresponds to the formula ( 0 (jlfg) 3 pb. Ph( 0 gllg) 3 ; and the body 
appears to be the load analogue of hexaphonyl-ethaiie. 

It does not oxidi/e in air under ordinary cunditions, wherein 
it differs from its carbon aiiiilogiie; but w'itli broiniiio it yields 
Hr . PlKCgllglg, just as trii»lienylmotliyl gives tripheiiyl-bromo- 
nu'tbano. 

'I'he h'ad derivative is rpiite stable up to a temperature of 
22b'; buc in solution it apjx'ars to be remarkably ]>botosonsitivu, 
being I'esulily decomposed by tlie action of light. By the 
Grigiuird reaction, it yields hiad tetni-jj-2-xylyl, wlfioh is only 
decomposed at tomiiuratures above 270.' 

Attempts to prepare the corresponding simpler derivatives 
(such its lead triphonyl) by the sumo method have ikA been 
successful, the tcfou-nryl compounds being obtained instead. 

0. Divalent and (^uadiiivalent Nitbogen 

1. TJM^Tetrar-aryl’Iufdraaiim md thdr Ileaetiowf. • 

TetTA]}heiiyI-hydrazino can he prepared either by the aetiun 
of iodine upon the wjdiaiii derivative of diphcnylamine ^ or by 
the oxidation of diphenylamino in an urgainV solvent by means 

* I*UTiimoror and Clhorbuliojs, Jier., 1914,47, 2067. 

^ Krauso and Sobmitis, Her., 1919, 68 (B), 2J65. 

* Ghattaway and Trans., 1805,67,1090. 
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of lead oxide or potassium permanganate.^ Obtained by any ' 
of these methods, it is a colourless solid melting at 144” 0. 

As a class the tetra-aryl-hydrasines are stable substances 
wheu in tlic solid state, though they are easily affected by 
light and are rapidly changed when dissolved in various 
solvents. Nascent hydrogen converts thorn with ease into 
two moluGulos of tho diarylamine from which they were 
originally prndneerL 

Their most {Xiculiar behaviour is observed when they are 
treated vvitii acid. In thoJr ordinary form they possess no 
basic properties; for anhydrous mineral acids give no normal 
(oolonrleas) salts. On tlie other hand, when they are acted on 
by acids, even in oiganic solvents, they (i.vhibit intense colours,* ' 
green, lilne,or violet.^ 'Hie coloured derivatives can be isolated 
in an iiiipnre condition; -.uul when they aii; treated with 
alk.ali they ntgcnerale the paruiit hydrazimts. They must 
therefore be regiirdod iis salt-liku addition prediicts of the 
iitidccom]K>scd iiydraziiies.” 

These coloured pnxlncts arc extremely labile and soon 
decompose under onlinary conditions, yielding a mixture of 
sovt'ral diffcrcut compounds.' Thus in [iresence of acids, 
tetraplienyl-hydmziiio give.s dijdienylainine, p<chloTO-anilido> 
tripheuyhiiniiie (I.), diphenylbun/idine (LI,), and a perazine- 
dorivative (1II.) -- 


01. (VI 4 . NH. CeU 4 . N(l (.1«l I^. Nil. (J.,I I,. ()„I U. N11. OflHj 


(I.) 


<Vl5 


(II.) 


I 

X/Nn/V/ 


(III.) 

‘ Wieland and OamlnTjan, Ber., inOG, 39,1499. 

* edmilfit cnlourB are olitninod Avltb halogens, thionyl chloride, ferric 
ehlcrldei alaininiam oliluiide, sino chloride, and tho peniMblorides of phos* 
photus and antimony. 

. * liiid. * Wldaua, Die Jlifdraaine, 1918, p. 68. 

< WioUnd, Annalen, im, 881,900; 1913,398,169; flw., 1907,40,4963 ; 
1908, 41, 8478. 
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The piosenoe of acids is not essential to ensure the break- 
' down of the tetra-aryl-hydrazines; for with some of them it 
is only necessary to heat the substance itself in benzene or 
' toluene solution, whereupon decomposition takes place and* 
follows a course similar to that traced when acids are present, 
thoi^h naturally, with slight variations due to the absenco of 
acidic radicles.^ 

The inllueiLce of solvents upon tlie hydrazines manifests 
itself in another manner. As has been mentioned, tlie hydm- 
zinos ore colourless in the solid slati!; but when tliey are dis¬ 
solved in organic solvents and tlion heated, a marked colour 
mokes its appearance,* which disappears again if the sulmtance 
be cooled immediately. Coloni's also make their appearance 
when the hydrazines am bombarded with cathode rays and 
Jeept cool with li^iuid air.^ As soon as the boinlxirdmont 
ceases, the substance rev'orts to its original colourless* cun- 
dibioiut 

When tntatcii with nitrngim peroxide in toluene solution 
at 90* 0., telrajiheiiyl-liydrazine reacts and produces iiitroso- 
diphetiylamine (1.); wliiLst with triplienylmetiiyl it yields 
triphenyliMol.liyl-diphonylamiiio f (fl.)— 

(I.) (II.) 

" Alkali metals act on the totra-aryl-hydrnzine with greater 
or less roadineSM, producing compounds of the type :N. Na, 
the I'eactiuu being similar to that observed in the casq of tri- 
phenylmetliyl.® 

lu eouulusioii, it must bo ]>oiuted out that in ono case at 
least the general syntliolic method for preparing tetra-aryl- 
hydrazines breaks down. Wlieii carlsizole— 

* Wielaiid and Leolioc, Jirr., 191S, 45, 2G(N). 

* GtyoRcopio moloculac wulglit dotonniiiatioiiR prove that tlie nubRtaneo 
[(OH,)(N.OtHJ(N.NrC,H,N((’lI,),|g is dissociated to an extent of 10 per 
oent. in bensoue solotioii and 31 per cent, in a solution of nitrobenseno 
(Wteland, Ber., 1015, 48,1078). 

* Wleland, Annalen, 1911^881, 200. • 

t FiXtotly Hivilar roBults are obtained with trlphcnylmethy] derivatives 
.(Sohlenk and Uorzonstoin, Amtalen, 1910, 872,1). 

X Exactly similar resultH are obtained with tripbenylmotbyl derivatives 
{Sohlenk and Herzenstoin, Annalfn, 1910, 878,1). 

* Sohlenk and Marous, tfrr., 1914, 47,1604. 
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is oxidized witli the usual reagents, it does not behave like 
<li[ihiiU 3 'l.'uniue,^ though it contiiins the diphoiiyliiinino skolctoii. 
AppuiHinlly the proseuco- oi* the pyrrol ring in tlio coini)onn(l 
lias some iiitluenco upon the runetioii; and it is suggested that 
the extra valency of the nitrogen atom is in this case alisorbod 
by that iKirtion of tbe molecule. 

2. Widanid’a of Divalent Nitrogm, 

In onler to explain the renctioiis described in the foregoing 
section, Wicland ^ proposes to regard the tetra-alkly-liydrazines 
.'IS analogues of tbe tri|ilicnylincthyl series; so that uudor 
certain conditions he assumes a dcpolymeri/atioii of the sub¬ 
stituted bydruKino which parullolo the formation of triphenyl- 
metbyl from hexaphenyl-ctliano— 

(^8f^5)2N—NfCjlIglj > 2 ((0115)2^ 

(0«Il5)s-(l-(J-((Vlc) —-> 2(;((Vlg)3 

The colours oliservod when totrapbeiiyl-hydnizine rloriv.'i- 
tives are treated with acids or with reagents sucli as stannic 
chloride aro thus brought into lino with those wliich are ob- 
L'linod in tlie tri]ihenylcarbinol series under simihu' conditions. 

The fornmtiun of a diliydropbennzine derivative and di- 
piicnyljimine i.s cxidaiiictl by tho mutual oxidation and reduc¬ 
tion of four free radicles in the following manner. Tn the 
first place, two of them unite with tlio ullmiiiarion of two 
hydrogen atoms (marked with an asterisk) to form dipbenyl- 
dihydmphnnaxine— 



^ Wicland and Gamharjan, Iter., lOfiC, 80.149!J. 

* Wicland, Annalen, 1011, 881, 0(X); 1912, 898, 127; 193, 401, 233. 
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These cwo liydrogen atoms, tliuK set free, then mince the two 
other free nuUcIes to form two molecules of diplieiiylamiiie--- 


2. >N + iU 


- -> 2 >N1I 


Tile luiidiictioii of uitruso-dipheiiylmiiiiio, on this liypothesis, 
may he I’epi'CKUulod Ihus-- 

ioll/i 

\ I 

(lylls N' NO (IJIg N NO i'cll., N N:0 

i + - 

(V*6 N NO ('ollfi N NO (Jullfl N N;0 


and the mielioii with tri{)liunyliiii‘thyl is simply a union of tho 
tw(» free radicles to form tripheiiylmi>lhyl-(li])henylaiiiinc— 


(iI.dai * d" N (Oj.I l_p,)2 


( 0 , 115)3 N((JfilI,). 


To account for tho forniaLioii of p-cliloro-aiiilido-tripheiiyl- 
iimine. 'VViehuid assumes that iho first action of acids iqioii 
tetraidienyl-hydra/ine is to decompose it into one nioluuule of 
di])henylamine and one molecide «if (diloro-diphenylamine, two 
moleciiiisH of which then interact ius shown below— 


(evn,i, .V 


NCM JIXlC,,Ili»/ 







8 . Slewurt'n Applu'ntion 0 / tifb Quimtwul Bypiithrsut. 

Tho paralhdism between the tetrajdiunyl-hydmsLiie deriva¬ 
tives and the triplieiiylmothyl {rroiip is so close that it seems 
not unwaniiutable to extend to the former tlic ideas which 
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have buoii usud iu ucuouiit lor tlio behaviour of the trivalent 
carbon uoiujiuuiids. 

Iji tliO triphcnyliriolhyl it was assumed tliat hejea- 

piiouyl-etlianu was ciqiable of iiilrsunoluoular uhaiigo resulting; 
iu a quiuouoid structure. An aualogous change in totra- 
pheiiyl-hydra/iuc would result in Iho ibrnuitioii of a compound 
of the type (II.) which, if wc follow out the parallel, would 
dis.socifite into a btiuzeiiuid portion (111.) and a quinouuid part 
(IV.) 


IK / N ,, 

(C,ig,N - V. X / \ / V 

(U,bU),N/\ / \/ 

(1) (tl.) (IV.) 


( 111 .) 


'J'iie presence of the quiiKuioid structure beiv would 
account for the iip 2 )earanco of e')loui' wJieii uuluiii'le.sK ietra- 
phenylliydr.i/.inc i.s liciited in solution, and also for the readi- 
1 IU.S.S with wliieh the substance is allucted by liglit. 

To iiccouut fur the production of diphunylbenzidiiie from 
tlic hydrazine, it is only necessary to assume that two mole- 
culu.s of (IN'.) join tugullier and then rearrange themselves into 
the benzenoid form- - 


C,;ll 






/ 


/ 

n/\ 

Cellj-NH. 


. ^,11, 


To e,\pbiiu the production of p-ehloro-auilido-lriphenyl- 
aniine, it may be assumed tliat iu acid solution the radicle 
(^ 6 ^ 15 ) 2 ^ is attackeil by a chlorine ion, giving ohloro-diphenyl- 
amiue, after which the ra'ictions wou\d take place according 
to Wiclnnd's suggestion. Tlio occiureiice of ilie i)arent sub¬ 
stance, iuiilldo-lriphenylaiuiue, which is noticed when ietra- 
pbenyl-hydraziue is heated in benzene solution, can bo even 
mora simply explained by a Avandering of a hydrogen atom; 
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thus rucalliug the tbniiatiou of Ullmann and Iforsiim's hydro- 
oarbon in the case of triplieiiylmetliyl— 




/■ V-i 


((V4)sn/\ / \ 

AniUdo-lriphuuylaminu. 


Thu inlcractioii witii triplienylmothyl and with iiitrugeii 
peroxide is ctisily accounted fur by assuming tliat these two 
leageuts combine directly with tlie li'cc buiisenoid radicles 

(in.). 

Ill oiiler to niiiko cloiir the formation of the poniziue 
derivative it must be ]X)inted out that along with one molecule 
of this substance, the miction gives rise simultaneously to 
‘ two molecules of dipheuyhiinine, Kow an exaniLuatioii of the 
ipiiiiuiioid structure proposed for tetraplieiiyl-liydroisiii^ sug¬ 
gests a I'cscmblaiice to the (luiuole constitution— 


11 X 


II 


x/ 

\/ 

/\ 

1 


1 

\/ 

* 1 
\/ 


(I 

11 

II 

0 

N.i 

(juiiiolu> 

Tolriiplici 




and just as some ipiinoles exhibit a wandering of thc'group X 
to the nucleus, so we may assume a similar wandering to take 
jdace in the case of tetraplieiiyl-hydrazine, giving rise to a 
compound of the following slructiire - - 





1 

-^ 


V 


V 


NCfillj 


Cll NtCeHsJ, 
N-CoUj 


Two molecules of this would combine directly to produce a 
perazine and at tlie same time cliiuinate two molecules of 
diphonylainiue (as shown by the dotted line) for each molecule 
of perazine produced— 
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CaH, 
N 


\ / 




[ ^ ['■'Y 

i Ih 

r u *'6"* 

Thus ill oitlur to accnuiit satisfactorily for thu various 
reactions of tulraiihoiiyl-liydruKiiio, it is necessary to assumo 
tim Inllowiii}* series of e(|uilibria:— 




11 


N '',,11,, 


(('„lli)sN 




o / 

II lulls).* I 


Ml 

\ \ 
/'\ 


/ 


' ■ \ ('■ II 

" ’ li“.j 


• 1 . 'A Ihriraii/u. cnufainivy Qnailnmh'iU \itrinjin. 

Tile uxidaliou of diphunyl-liydroxylamiiie with silver 
hydroxide yields a eoinponnd' which appears to have the 
formula shown holow— 

DwJij^' to its analu^ry in structure with iiitm^ui i)eroxide, tin’s 
suhstiince is tci-mcd diphonyl-uitrogeii oxide. It is a crystal- 
lino coTuiKMiud, deep rod in tipt; and its vujiuur losemhlcs that 
of nitrogen peroxide. It lihenites io'dino from potassium 
ioiiido - 

((.VyaiNiO + :!IJI = (CVIs).:^!! + IM + IlaO 
^ Wioluud and Ofloubiiclior, Jtsr., l'J14( 46, 2111. 
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With broDiiiie it gives a halogen derivativo of diphenylaiuine 
containing two broniiiiG atoms attacliud to one phenyl nucleus 
and one lironiine atom in the other. With nitrogen i)croxide 
and triplieiiylnictliyl it reacts readily. Concentrated miiionj!! 
adds react with almost explosive vitdunco uixm the new com¬ 
pound. 

The molecular weight dfitermined cryosctipically in bcnz<‘ne 
corresponds to the monoinoleciilar formula; and this apparently 
remains uiialteml cvmi in a inixtiins of ether and carbon 
dioxide, for at - IK)” C. the substance? can be recrysUillized fimii 
ether and still retain its r(>d colour. 

One i)oint of inten^st in connection with the compound is 
that its di'<oovury throws eonsidcrable doubt upon a strueLuro 
suggested for nitrogen peroxide: for it is dear tliat diphenyl- 
uitrogen oxidi* resombles nitrogen nxidit closely; and this tends 
to support the forniiila (11.) as against (111.) < 

N r> O -X--0 N', 

\() 

(1) (il.) (III.) 

Th(! formation of I»r.,C,iIl 2 -Nlf -C,jlfil5r by the aelioii of 
bromine upon tbe' siibstanoe may point to the existence of a 
4 uinonoid gi'uu|uug in tbe nndeenle; and it is possible that 
the case may be one of trivaleut carbon instead of an cxiunplo 
of (piadrivaloiit nitrogen. T(K> little is known of tbe subject 
at pmseiit to make it worth wdiile to s[H‘cu1ato forlber. 

1), l)Bi:iVATIVIiS op MoNOVALKST SULl'llirK. 

The oxidation of plioiiyl mercaptan yields phenyl disulphnle, 

o,.rr, s s (yf„ 

This substance in the solid state is colourless, but when it is 
dissolved in any iiidillcrent solvent, llic solution shows a faint 
yellow tinge, anti the colour is intensified by raising the tem¬ 
perature. (.)n cooling, tho solution regains its original lint. 
Tills change in colofir cannot ho attributed t>o dissociation, 
octiording to Lochor,* sintxi the solutions do not deviate from 
liccr’s Law when examined in a colorimeter; so tJiat (he case 
is not parallel to that of triphenylmothyl in this rosxHict. 

' TiooLor, P.fr.t 191S. 48, 634. 
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Further, in the case of j^-diinelliyhinilido-disulphide— 

(Cll 3 )aN- CWS -S C6ri4- N(cn 3)2 

dn analogous colour change is observed when the .solid sub¬ 
stance is heated and cooled. 

To explain those phcuoinona, Lecher suggests that the 
bond b(3tweeii the sulphur atoms is not broken but is merely 
weakened; and that the weakening of the valency and the 
duve1o])meut of colour an^ parallel cltauges. 

Kvidciice of this weakening of the bond between the sul¬ 
phur atrnns was sought for in various rutictions. For example, 
at ordinary tem]*eratures or oven at KO" C. sodium h.^s little 
efTecl upon ])hen>J disulphide; but at 12r)° C. it reacts to }>to- 
du(;e sodium meroaptidc— 

Cell,- S S -f;ell6 + 2Na = 20oriB S- Na 


The weakness of the bond be ween the sul})hur atoms is 
also indicated by the interaction of ^-dimethyhinilido-disiil- 
pliido and Iriphenylmcthyl, which gives rise to 1-diinethyl- 
amido •j»hunyl-4-triphenylmcthyl disulphide— 

ir\hh^.<\\U S -(J3H,.N(0ll8)2-b2((JeTr3)3(.' 

= 2((!n3)3N.'Cyi4.S.(\03H5)3 


Those I’c^aotions suggest that undor certain conditions it 
iniglit he [Ktssihle to obtain derivatives of monovalent sulphur ; 
and though no actual isolation of such compounds has yet 
been achieved, their existence has been rcndei-od probable by 
the following evidence.^ Phonyl-triphcnylmethyl sulphide 
can be obtained by the action of triphenyl-chhiro-rnethane 
upon sodium phenyl mercaptide— 


(JoHj.S.Na + Cl.tKOgrys = 0elfB.S.C(0eIIa)3 + NaCl 


Now this sulplddo becomes strongly yellow when heated in 
ethyl beimoate solution; and an cxaminatioi\ of the spectrum 
proves that triphunylinethyl is present. By shaking the solu¬ 
tion in the air, the triphenylmethyl is o:^ij!ed, the solution 
becomes colourless; and by further shaking in an indifferent 
atmosphere the yellow colour of triphenylmetliyl reappears 
‘owing to a further decomposition of sulphide. The only'way 

1 Looher, Ber., 191S, «, S24; 1090, 63, 677. 
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in which this reaction can reaaonal)ly he expressed is os 
follows:— 


CeH* -S (^((Ws = OeHs. S + 0(C6Ua)8 

• 

Fnrtiier cvidunoo^ is found in the exniniiintiou of mcrciiry 
phenyl nicrcaplide, C^Hs.R.ng.S.CsII^. It was observed 
by Drelier and Ottn,^ that this body, when heated, breaks up 
into mercury and pluniyl disulphide; and this sugi;esta that 
heat loosens the bond between tlie sulphur and nuirciiry atoms. 
f)ii Lecher's view, the weakening of the valency force ought 
to be acconipaiiied by a development of colour its the tempera¬ 
ture rises. Cl'his actually pnjvus to be the cose. Wliether 
diy or in solution, the mercaptide is colonvlcss at or<linary 
tt^mperatnres but becomes yellow when heated, though no 
mercury setKirntes from it under the uxperiinentiil conditions 
cinploycjd. 

Lecher suggests tliat the nndier-Otlo reaction is a rovers- 
ible one which may take one of the. two following courses:— 


(I.) ((vr«.«)2*ig (JoU^,s.s.c«HB-t-ng 

(ir.) (CfliiB.syig - -V 2Ceii5 .s-f.Ug 
2(Vi3.s -- ^ .CoirB.s.,s.CBii5 

If it can be provnl that the reaction includes the. two crpiili- 
bria shown in (fl.), the i*xisteuc(! of monovalent sujphur 
would be estiililislie.d; Imt at present the subject Ls nut. Ijeyond 
dispute; and wo must wait for further eviilence bufoie classing 
monovalent sulphiur compouiuls along witii the iM^ttei'-eshih. 
lished Ciises of trivalent enrhou and diviileiit nitrogen. 


E. A Deuivative of Monovalent Oxyijen. 

When /■J-dinai)htliol (T.) is oxidi/«l with silver hydroxide, 
it yields a substance termed hydioxy-uaplilliyleiie oxide, to 
which the forufula (II.) is ascribed. By treating this with 
potassium ferricyanidu or indigo white, deliyilroxy-dinaph- 
thyleue oxide is formed, which w supposed to have the atriio- 
turo (Ill.) or (Ilia.). This Imdy, when dissolved in various 
solvents, shows colour phenomena akin ta tlmsi* observed in 

■ Leobor, Ber^ 1916, 48,1435; 1030, 6S, 677. 

* Drobor and Otto, Annaten, 1870,154,17S. 
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the trliilicnylmiitliyl scries; aiuJ, j^itly on this ground, it is 
I ussumed Lo dissuciali! into nuliclus ^ wliich liavo either of the 
structures (IV.) nud (V.). 


«■ 



(IV) (V; 


'I'ho supposed free radicle reacts readily with oxygen 
(though l(‘ 3 s lupidly than triplicfiylniulliyl) forming an ochroous 
IHjroxidu. Todine also acts upon it more sloWly than might 
have been aiiticiiNited. irydrochloric sicid decomposes it. 
'rri])hcnylmetliyl, cyclopentad'lono, and junene add themselves 
on to the Ridiclc. Nitrogen ]iei'oxide funns an lulditivo com¬ 
pound in ctheii^'il or iMm/cne solution hut does not attack the 

* Pammoror and Frankfurter, 1914, 46, 1472; compare Pnramorer 
and ChorbnIfoK, ihuL, 2957. 
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radiclo to any cxtpeni in oliloroforin solution. When the snl>- 
stance i.s boiled in henxuno solution it uii(l(‘i'^oes (lucoin})osi- 
tloii, yieldin*^ hydroxy-diunphthylonc oxido and diuaphthylene 
dioxide. * 

It will l)e soon from tlio above data that the compound is 
c.xtrcmely complicated; its rcuictions have not botni fully 
sliidiod; and it may 1 m; w'cll 1(» refrain fmiu laying too much 
fltresa upon its structure lill its projuirt-ics have been more 
thoroughly investigated. 

F. MonovafiKN't Mkrguiiy. 

If a liquid ammonia sidntion of methyl meixiury chloride, 
(MI 3 . Hg. (* 1 , is eleetrulysod with a small cathode, a highly 
atieniialed opa(|ne mass e.ollec(s around the cathode.^ When 
the mass is collected and allo\\<>d to warm n]> to m^ar OV'dinaTy 
timiptwature it suddenly undergoes doeumpositioii with the 
evolution of 1ie.at. Tin; react.ion a|i]M‘.ars to eorre-spond to the 
following equateai:— 

2(Ml3.IIg= llg +JlgttUla), 

Other com[M)iind.s conlaining other alkyl nulieles and acidic 
groups behave .HLiuilarly. 

Tile rnat-m'ial i.s bhuik, like a linely dividiMl mclal; and it is 
a good conductor of eleciricity. It does not amalgamuto with 
mercury I .0 any marked extent. 

It is suggested by Kraus that this compound contrflns mono¬ 
valent inercniy; and this is pos.sibly the case. On the other 
hand, it is not inqirobalile that it is actually CIL 3 . Ifg. llg. OIF]; 
which might he formed at the small cathode Just as persul- 
phates .arc formed from sulphates under similar conditions at 
the ano(b\ Further rasearch will ])i-ubably decide which of 
tliese views i.s cturecl. 

• 

(t. CONCJ.IJSION. 

i 

The naturo and behaviour of the triaTyl-mcth^ds and the 
tctrii-aryl-liydra/ines suggest pmbleins which bring ns to the 
very bases upon wliieb rest our modern views of structural 

1 Kraiift. J. Amer. C'lUtu. Soc., 1913, 86 , 1732. 
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cliomislry. Onco tho idoa of “ fi^o FadicloB *’ is accepted, our, 
long'tried dogma of tlie qnodrivalence of cnrboii comes into 
the scales for a final test. Tt is doubtful if wo shall throw 
over the older ideas suddenly. Already there is a tendency 
to look for a new concoption of valency, n tendency which is 
dis])layed in the modern theories of partial valency and residual 
affinity: hut these views are at present disjointed; and thero 
is little sign of their being welded into a connected whole 
which will carry conviction by its clarity and lloKihility. 

In the nieantinio, it seems ilesirahlc that further examples 
of these ^lonuliar compounds should be examined; so that as 
wide a hasis os possible may he used for generalization. 
Attempts^ have been made to [ivepai'C nnalognes of tetra- 
phenyl-hyiimzinc in the ar.senic group, such as 

but, uii to the present, no actua' proof of the dissociation of 
such substances into fitio radicles lias l)oon obtained. Possihly 
the temperature eniployi'd was not sufUciently high* to pro¬ 
duce a mixture hetween the arsenic atoms. Further exjieri- 
menls inny prove more successful ; or fiiiitful subjects for 
investigatiim might ho found in the analogous c.ompoands 
derived from phosphorus, antimony, or bismuth. Tlio analoguo.s 
of carbon (silicon and tin) also suggest themselves for research 
imrposcs; for it can Imrdly ho assumed that esirlKui, sulphur, 
leail, and nitrogen are the only atoms capuhle of showing this 
})ecnllarity. 

1 Sctilonk, A7inat/‘n, 1012, 394, 2J6; T’ortnr nud Ikirir^ln'm, Amer. 
Chnn. Sue., 1010. 41, JKM.S. 

* A Kolutfoii uf (ilie RiibriUiiuo in iioiling lioiiKcnn wu- uflod. 
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MOIIRHN FOKMUri.K AM> TIlKli: KAILTN(jS 

An uiibiasRcd sui-vey of tlio ru*ld.s covoitjd by organio 
chemistry cannot fail to reveal to any critinil mind the fact 
tliat oiir structural ibriiiulii' uit' l»ecoining loss and less able to 
cope with tlie strain which modern research is placing upon 
them. It is true that for work-a-tbiy ])iirposi‘S they still 
answer admirably; aiul from the point of view of teaching it 
is doubtful if anything buttiT cniihl lie devised. Ihit when we 
go into tlie maltur beyond tlie more surface, things 01*0 imt so 
satisfactory as they may ap]H‘ar to the siiixudicial observin'. 
In the present cliajiter an attempt will lx; nindo to indicate 
briefly some points in tlit> jirobleni. 

In the first place, it will be well to iiupiiro as Lu tlie exact 
nature of our jireseiil-day formulae According to Kttkule,* 
striictiiml forninl.'o wen; “ decomposition " f«>riniilii»:— . 

“ Rational forntuhe aiv. decomposition formul.o, and in the 
pi'osc.nt state of chemical science can bo nothing more. Tlifise 
formnbe give us pictures of the chemical nature of sfibstauccs ; 
because the manner of writing tliem indicates the atuiiiic 
groups which remain iinattacked in oortiiin I'oactioris. . . . 
Every formula which expresses definite metamoi’j^ihoses of a 
compound is rational; that one of tlie dilfcrcnt rational 
foriiiulin is the most rafumal, which expresses tlie greatest 
number of the metaniorpliosi^s.” 

Couper,^ on the other hand, ]iut tiic cose as follows:— 
“Gerlionlt ... is led to think it necessary to restrict 
chemical scioiuH) to •the arrangement of bodies according to 
their docoKipositions, and to dony the possibility i3f nnr com¬ 
prehending their molecular constitution. (.Jan such a view 

*• Kokul^, Anmli’v, 1658, 106,140. 

* Coupor, i'AiZ. Mag., 1668, IV., 16,107. 

• 3*5 
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tend to the advancement of science ? Would it not be only 
rational, in accepting this veto, to ifiiounce chemical research 
altogetlier ? ” 

Tlius, on the one side, ^ve have Kekiile maintaining that 
graphic fonnnlii‘ are mere shoi-than<l symbols by means of 
which wo can easily and cont])nctly oxpn.‘ss the results of oiir 
chemical cxjMiriments; whilst, on the other side, Cou])Ot claims 
that these ciplicus give us the key to the uclunl inode of 
linkage of the atoms within the molecule. Let us tiik(i each 
ef these views in turn and see hew far they can be brought 
into agi’ceinent with modei'n conditions. 

Ilugai-ded as onru reactioii-forniuhe, it nmst be admitted 
that our present symbols fail at toe many jioints for our intel¬ 
lectual satishiclion. If we take the (uise ef (|uinune ns an 
exiimplc, we find that its formula is writlen in cither of two 
ways— 

<) 


|l 

(‘ 

w / ^'11 

i; ji 

lie ('ll 

\ / 

(' 


r-() 

/ 

III' rii 

■I 

iii' ni 

<. 


•l 

() 


eaeli of which is a representation of its method of rcaeliiig 
with a certain rcagiuit. lint ni‘ithei' of these fonmihe allows 
SIS to fomsee the fact that quiuone. monoxime will react as if it 
wsu'e IS itrusi i-iiheiiol— 
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Tliu iiumlior uf fuuts uf lliis typo wliiuh hiivc (iccuiuiilatcd 
in recent years is coiisiilurablo, ami the result of this .iuci’oosc 
ill knowledge has been reniarkablu. Instosui of attempting to 
bring tlieii' fermiihe into hamiuiiy witli tlie facts, oi-ganic 
choinists have been cuutent to di-ag behind then a leiigthoning 
cliaiii of iiiipliualiuus, which they read into a furmnla; c.y., 
in the case of acetone and ethyl acetate we do not distinguish 
in our furmuho between the two carbonyl groups, but we 
mentally interpret the two symbols diireruiiLly. Thus, at the 
jirescut time, it is ipiLte conceivable that a student may lie well 
ac^puiiuted with the meaning of all the urdinary chemical 
symbols, but may be ho];KdtiSsly at sea with regard to the 
Ixiliaviour of a given compound ; tiiougli to a more experieneed 
chemist this is implicitly expressed in the formula wliicli 
* iniKleads the beginner. 

A eoncrete example will serve to bring out the amsunt of 
unexpressed maleriiil which we mad into the ordiiuiry formula. 
liCl us consider the iviudions uf llie unsatumled munohasic 
acids in jU'esenoe of dilute sulphuric lUiid. lii the first place, 
we assume that an addilhm of water to the dmiblc Isiud 
oceui'S— 

110 (t'llay Oil flO 

■ “i| ■ ' 

lie ('ll.. CO CIL Clla CO 

Now, we know frem gencr.il ^;^]KTieuee that when one 
hydro.xyl group lies in the 1,0-pusiLioii to unuther iu the 
same chain, water is usually uliiiiiiiated with ease; so we 
Hhuuhl ihtdiiec that the next step iu the process would he such 
an abstraction uf a wal(3r molecule-- 

(fUiaV OH no (('Il3)2<’ O 

-A 

CII3 CII3 CO (ML CII2 CO 

The fuiiuatiuii of this cuinpouud is actually xvhal d(X3s take 
place, so that iu this ca.se our implications are justified; hut 
let us apply the same series of idius to another instance. Take 
the case of, vinyl-acetic acid (I.)> which contains the double 
bond in c.xactly the same position as iu the ul.her substance. 
Applying our expericuce as before, wo should deduce that the 
final product on healing with dilute sulphuric acid would be 
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tho laotoiiu (1[.) Ill praclicM) no suub substance is formed, the 
, ])ruduct bciu^' tliu ucav uiisiiturated acid (Til.). 

. OJlg 0 

C11*:0JJ .tHIg.COOli 1 (Jlf3.Cll;Cll.COOH 

(nig.oiig.c’o 

(1.) (II.) (III.) 

Itut this dues not brin>' us tu tho end of the possible reac- 
tiuiiK of this cliusH of siilistances; for if we hike tho caso in 
which twoinulhyl «'rou])S iuxi attiichitd to a (liircroiit carbon atom 
wo find that tho reaction follows yet another couiso— 


(:ila:(1II.C(CHj2 (^0011 




(Jn3.(‘lI;(J{Ciri3)g + (i 03 -Mla 0 

Thus, our rornuilse liavo ceased tu bo true ixiaction furiuulio, 
and may inoroly serve t<j niisK-ad ns if wo atloinpt to draw 
any general cunoliisions from tlioiii. 

Lot ns now turn tu Gouper's view of fonuuho, vi.:., that 
they,are to be regarded as true re])iioscntatiuns of tho intimate 
structure of molecules. Hero we appoiir to bo upon safer 
ground; but again we iiieol with drawbacks. If a formula 
i' 0 [)i«sent£ tho actual mode of linkiigo of the atoms iu a mole* 
cide, how can we Im; cortnin of our lusnlis when we apply 
chemical rtsagenls tu the compoimd ? Quinoue, when Ireatcd 
with hydro^ylamino, behaves us if it contained a cu.bonyl 
radicle; but if wo employ phuspiiorus peiilachloride as our 
reagent it acts as if (luiiiono coutjumd a benzene nucleus, since 
27*dichlurobenzeno results. In this case, what is the true 
structure oftpiiuone? [f it be regarded ad an eq[uilibrium 
mixture of two com^ioimds or as existing iu two vibration- 
phases, what becomes of dur “intimate structure of the 
molecule ” V 

Evidently, from Couper’s point of view, the outside reagent 
is a disturbing factor not allowed for in our formuhe. An ex¬ 
ample is furnished by the action of hydrozylamine upon mesityl 
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oxide.^ If the I'eaction is allowed to take place iu a methyl 
alcoholic solution in presence of sodium methylate, the chief 
[troduct is the substiiiicu fonnud by the addition of Iiydroxyl- 
amine to the double bond— • 

(CiygC.dlL.llO.dla 


NTl.Oil 


Hut if, on the other band, after exaetly neutralising hydro- 
xylaniine hydniehloride with sodium carbonate wo allow it to 
iust upon an alcoholic solution of mesityl oxide, we get the 
usual carbonyl group nsuition, and mesityl oxime is formed— 

tCU3)2C:UlJ .('(NOJI;.CJl3 

Thus in alkaline .solution the ellivlenic bund is stimulated into 

w 

* activity, wdiile in naulnU solution the carbonyl radicle a]ipears 
the moi'e reactive of the two. « 

From this it bi'comes clear that in order to ascortiiin the 
true “intimate structure of the molecule’’ wo must find some 


way of dotermining it ajiart from uxtruiieous materials. How 
is this possible 'i 

The recent developments ui the study of phy.sical propcities 
of compounds indicate a means whoii'by the constitution of a 
body might be guessed wilhoiit the necessity of applying dis- 
tui'bing reagents to it. At praseut our methods are not sufli- 
cieiitly advanced to permit a.s to estiiblish molecular stru*cture 
deiiuiloly by pliy,siciil means alone; but even to-day we ean 
accoinplLsh a gocxl deal with the help of absoi'ptioci s[>ectr.i, 
magnetic rotation, ndraetivo index, magnetic Busee])tibility, 
electric absorptiun, optical rotatory power and dispersion; and 
tlioru seems to be Little rciison to despair of further ])rogrcss. 

It is at this point lliat we encounter the diflicidty wliicli 
has l>een responsible lor wrecking a cojisidertible amount of 
work in recent years. On the one hand, as we have seen, 
stand oui' “ dieaiioal ’’ formiike which give 11 s—^incompletely 
enough, it must be confessed—a picture of tlie reactions of 
substances. On the pther side, physical methods ore showing 
us glimpses of the “ intimate sti'ucture of molecules.’’ Now 
a great mistake appeal's to have been maile iu assuming that 


* Huries and Lellauum, Ser,, 1897,80, 280, 2720; Harries and JaUonsfci, 
ibid., 1898.81,1871; Harries, AnndUn, 1901, 880, 191. 
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lx)i1i Lliom: tilings could be ux[jn.‘.s»ud l>y the same furmul»3. 
Our old ruaution-lbrmulio, l1iou;r]i unable to cope with the 
diiliculties in tlieir own special iield, luive been imported 
w,illy-iiilly into the ]irob1ei]i of mulucular striictui'c, bcciinsu 
we had u(ithin}{ better tu iilili/u tliere. The result* has been 
somethin;' like the slate of alTairs which would lei;^ in iirith- 
inetJc if we insisleil on u.siii;' a mixtuie of JbOmau and Arabic 
notations in our calculations. 

It is evident Hint pm^rress aluji;' these lines will be slow. 
What is lequiied is tliat Lliosc investigators who concern 
tlieniselves with jthysical prtqierUes should invent special 
symbols* to express their lesults, and slionld tlius bo imsd 
from till' im]>licitions wliicli cling to the ordinary forinuhe. 
Thun, at a later stage, it may be [tossible, with increased 
knowledge, hi iiarmonue 'lie two symbolical systems and pro¬ 
duce a combined notation wliich will incluilo tlie valuable parts 
of each. 


Ibifortunately, there seems little doubt that this suggestion 
will he ignored. Conservatism is ingrained in must .scientilie 
niiiub ; and the struggle which uew ideas have lielui'C them is 
geneiiilly .seven-.t 

We must now turn to another region whendn oiir nuxlcrn 
formula; are failing to in«‘cL the demands made upon tlieni. 
When we exiimine the mailer closely, we lind that the founda- 
tions*of theoretical organic chemistry ari; a .series of labels by 
means of which wi* endeaviair to conceal our ignorance of the 
fiindamei^al phenomena of tlic subject. Of these labels, none 
is used more indeiinitely and at random than the wont “ U u- 
saturatiou." Wluit do we mean liy an uns-aturated compound ? 
It may he delined as a molecule which, withont total dir.iuptiou 
of its original structure, is capable of uniting with one or more 
fresh molecules. 


Now when we consider unsuturation in its broadest usx)ccts, 
it is evident that what we call uusaturation vs a specific and 
not a general property. Wo represent the uusaturation of an 


c 

* Tlio cloRaEouic hyiiibols auggcBtocl by NoIhou and Folk Eopreaont aouu)- 
thing akin to whivt iti intondod; though in tlioir prosout foxm thoy oUng too 
cloriuly to ordiTiury (iinnul!i>. 

t Au amusing oxaznplo of tiiis is to be found in Kolbe's roview of vou't 
Hoff’s thoorioB on thoir first publication. 
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ethylonic linkage and of a corlmyl radicle by the same symbol, 
a double bond; and os far as the action of nascent hydrogen is 
concerned, this is quite accurate, fur both the cthylenic linkage 
and the carbonyl group will attach to tlicmselves two atoms of 
hydrogen. But when we use bromine instead of hydrogen, we 
find that only the othylenic linkage leucts; for the carbonyl 
nuliclo remains unailcctod by the reagent. 

Thus we cannot say dednitely that the ethylenic linkage 
is morti or less active tlian the carbonyl bond ; for the matter 
is influenced in diirercnt Av.iys by the reagent employed, the 
solvent used, and the illative i)osition of the two double bonds 
in the molecule. In other Avords, “ unsatnration ” is not a 
definite, me.^uiral)le thing which we can proilict in any case 
/roni tho beliaviour of the “ iinsaturatod ” substance in other 
circumstences; it is ratliei' soniuthing kinetic, something which 
is oxtrcnnuly s(m.sitivc to e.xtornai forces, and which in its turn 
can play a part in iiilluoncing tho chemical action of groups 
Avhicli it does not apparently aflcct dirtjctly. 

As an example of this latter properly we may ipiote the 
case of the Vorlandor Ibile.^ Vorlander Iuls ])ointcd out that 
wo can consider both acids and alcohols as derived from Avator 
by sul)8titiitiou. In tho casit of acetic iieid avo substitute an 
acetyl groiqi for one of tlie hydnigen atoms of Avater, while 
ethyl al(M)hol i.s fornuMl from Avater by the substitution oQ an 
ethyl group for a hydrogen atom— 

11—OH CHa.CHa—OH CHg.CO-^H 

Wiien we examine the cliomical behaviour of tlio hydrogen 
atom in each case, Ave find that in the acids it has a much 
greater activity than in the alcohols. The origin of this 
diflurence obvion.sly lies in tlie dillerence between the susyl 
and alkyl groups te which tho hydiuxyl radicle is united. 
The question is summoiily dealt witli by labelling tiie acyl 
group “ olectro-negativo/' and troating tlie label as an ex¬ 
planation. But, as yorliiiidcr •pointed out, this caso is 
only ono example of a general rule. If Ave ropresent 
non-nietallic elements by K, and write ilowii the folloAviiig 
series 

1 Vorliindur, 1001, S 4 , 1&13 . 
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I 2 ‘A 4 
H.IC.ErK 
12 3 
H . K: K 
1 2 3 4 5 
H . E . K . E : K 

wo »lmU fliul that tho hydrogen atom in the first lino lias a 
greater reactivity tliau those in the second and thii-d lines; in 
the first case the donhlo bond botwcou two E atoms lies in the 
3:4 j)Osition to the labile hydrogen atom, while, where the 
double bonds arc in the 2: 3 or 4: 5 |)ositions the hydrogen atom 
is not sjtooially reactive. Fur example, the labile hydrogen 
atoms in oximes, stcids, pliennis, dia/o-eomiKmnds, and sidphinic 
ncMs are all silnatod as in tin* first typo with respect to the^ 
double bond— 

4 3 2 1 4 3 2 1 

K.<'H:iN 0.11 0:0.0.11 

I 

It 

4 3 2 1 1 3 2 1 

11 N:K.O.II O:.s. 0 .ll 
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I 

halogen atom enters the nuoleua in the position required by 
this rule^ i,e. it replaces the hydn^goii atom in the a-|;iositioii 
tc the carbonyl gi-oup— 

.12 3 4 12 3 4 

Br.CH.OrO Br.011.(3:0 

I. i . i 

R on R R 

« 

There seems h) be another inihience at work in tho case 
of acidic hydrng<m atoms; niid as the matlor appears to have 
escaped notice hitherto, it may be well to ctill attention to it 
ill this connection.^ An examination of the formnhe of those 
sujbstancies which are ca])ab]e of yielding metallic derivatives 
by direct displacement of a hydrogen atom will show that the 
atom to which the labile hydrogen is attached is cajiablo of 
exerting a valency higher than that which it exhibits in- the 
acidic compound. For exanqde, in the following siihstaiiecs 
the oxygen and siiljjhnr atoms are divalent, while both oxygen 
and .sulphur are tsqiahle of acting as rpiaih'ivalniit elements; 
oarlion in neetyleno acts as a divalent atom, though its maxi- 
iiiiim valency is four; the nitnigen atoms shown below arc 
trivaleut, hut niliiigeii can act as a ivnitad; iodine can act 
cither ns a mono- or a trivalcnt element. The forinulic ait' 
written with lines to .show tho extra vnlonnies — 


H c 0 n II 0 on, II s < 5 ii, 

■ I ’ 

I I .011-011 

N Nir (Jo.on, ir \ 

M3n-=(;ir 

It will lie soon that this is of more general application than 
the Vorliinder Rule, for it holds in the case of substances such 
as ethylates, whoso foniiation takes place though thci'e is no 
double bond in the molecule such as is required by Vorlnnder’s 
' view, in fact, the straoturo demanded by the Vorliindor Rule 
is merely a roinforoing influence upon tlie lability of the 
hydrogen which already exists owing to the presence of the 
atom capable of showing a rise in valency. 

* Smilm, Trans, Chtm. 8oe„ 1900,77,100. , 
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We must now turn to another point of view. Hitherto we 
liavc reganletl unsaturation from the standjraiut of addition 
reactions, but wo may now extend this a little. Suppose that 
we have two isomeric substaiLCCS, each capable of, taking up 
four bromine atoms, are tlicso two 1)odies equally saturated or 
aro they not? The question of unsatnration here resolves 
itself into one of stability. We ciiiyiot distinguish between 
tlie bodies by the nmounl of bironine they take up, so we 
seek some other eritorion. Now, in the case of two substances, 
one of whi(ih has a pair of (‘.onjiigated double bonds, while in 
tite other the bonds arc not so related, the first substance 
takes up the four bromine atoms two by two, but the second one 
takes 11 ]! all four simiiltoncously. The action is thus moro pre¬ 
cipitate in the sc^cond instance, and w(! should be tempted to 
consider tho first snbstnnce as tlie less unsatiiraled of the two.' 
In fact, SIS Tliielo put it, the esmiugated double boilds partially 
saturate one sinothsu'. 

Kurtlier, when an unsaturated acid is binught into conditions 
which allow it to undergo isomeric changit, it is almost always 
coTivei’teil iiitf) tho form wliicli contains the cthylenic l)ond 
(‘.onjngated witii that of the (;arbii,xyl group. Kvideiitly, then, 
this gi'ouping must bo the most cxolliormic, and therefore 
the mast saturated. 

We may now sum up, .'is far ns possible, the various points 
wliich we have t^'eated in the foregoing pages. We have 
shown, in the first place, that uiisaturation is not an intrinsic 
proiHirtyiof any molecule, ft deiHsnds lai'gcly upon the iiatnro 
of the outside reagent; in onler to have “ misatimition ” we 
must have two substances, mich specially fitted to interact 
with the other. In fact, tho addition n-actioiis of organic 
chemistry appeal' to be an extreme ruisc of the oi’diiiaiy reac¬ 
tion of salt formation, such as takes pl.acc in tiie case of 
ammonia and acid. Secondly, tho influence of the other (non- 
reacting) parts of the molecule may play a*very considerablo 
part ill any addition reaction, so that we cannot ascribe tho 
same meaning to every double bond, that wo write down. 
For example, since the cthylenic bond in maleic .acid refuses 
to rcoot with hydroxylamine, it must bo chemically quite dif¬ 
ferent from that in mesityl oxide which reacts re^ily in 
alkaline solulioii. Thinlly, just as uiisaturation can be 
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inHuoncud by ueiglibuiiring uustituraiions, It may in turn exert 
an influence upon groups of atoms in its vicinity. And, finally, 
ii we have a scrios of nnsatiinitions in a inoleculo tliey can be 
mode to I'eaiTonge themselves to form a 111010 stable system. * 

It is especially in this logiou of nnsatuintiou lliat wo find 
tlie limitations of our structural formube most clearly moi'kcd. 
Wlien wo write a double bond between two atoms, we do not 
always mean the same thing. Tlie double bonds in the cases 
of diphenyl-ethylene, othyleue, and fulveno cci’tainly do not 
resemblu one aiiotlior chemiciilly: in the first case the double 
bond is not attacked by biomiiie, which is taken up easily by 
the double bond of ethylene ; but while tint fulvcnc series are 
oxidized by air, etbyleiiic substances are not. Thus we have 
an increase in unsaturatioii (or inactivity as regai'ds bromine 
and oxygen) 0.1 we go from dipluiiiyl-etliylene through ethy¬ 
lene to the fulveues; yet we symbolize all three iinfons be¬ 
tween the (Hirbon atoms of the double bonds in exactly the 
same way. It is perfectly evident that the amount of in¬ 
activity is diflei'cnt in these thnu: cases, and thcinforo tin) 
“ chemical afUiiity,” which gives rise to the ruaction.s, must be 
different also. 

Jliit it is not only in tiic case of the double bond that we 
can trace this alteration in value of valencies; we can discover 
it in the ciisi^ of single bonds us w'cll. It is well kiiowi^ that 
in bromo-heuzene, the binmine atom is held to the carbon atom 
of tlie nucleus iiioin tirnily than is the case in aliphatic bromine 
derivatives. Ihit if wo nitrate tbe benzene ring, tlrti bromine 
in the iunmatic bromine derivative becomes as luiiilo as that 
in the aliphatic one. Tliis iiicreiise in ii»ictivity can be due 
only to some change in the force which holds together the 
carbon and hromiiie atoms; in olhcr words, tho “viiloucy- 
force” uniting hromine to carbon is stronger in broniobenzene 
tlian in nilro-hromobenzene.* FlurschcLin ^ has carried out 
some experiments by moans of which he showed that this 

* Whan the abovo pi«ragm])h was writtau in 1908, I was unilor tho im> 
prodsiou th^t this had long been common knowledge. Dc. Fldnichoim 
dosiros mo to mention, however, that ho puhlishud a papui on the iwint in 
190G (Ber., 88, a016). -A. W. S. 

* Flarsohoim, J. jtr. Ohem., XL, 1{X)2, 66, 829; sco also Weruor, Ber., 1906, 

86,1278. 
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viu'ialioii in tliu value uf the single bond is quite a general 
property. 

It may be supposed by some iliat if we accept tiieso ideas 
We shall be taking a retrograde stop, and plunging ourselves 
into a web of inconsistencies; but suraly it is not so! At the 
tiiiiu of Frankland, cheniists hod not acquired those ideas of 
chemical structure wliich we now possuss, and which wo cannot 
abandon without liaving something better to take their place; 
consequently, it was necossai'y for tlLO science to go through a 
stogo ill whicli valency was rcgaixled os a fixed, unalterable 
foiee; without this guiding juinciplo the work of the last 
forty years would have boon impossible. ^ But we have now 
reached a iwiiit iroui wdiich we can look back and enlaige our 
views without running the risk of losing liold of what we liave ^ 
aixpiirad. instead of considei'iiig a “ bond ” as a fixed unit, we 
can n^gurd it rather as the sum of an almost infinite numlxjr 
of small forces; so that we can subtract from or add to its 
slreugbli within limits without bringing it out of the category 
of a “bond” or valency. For example, if the foi-ce employed 
in uniting two atoms togother by means of a single bond bo 
termed “ ” then the quantity F will be uogligiblo in com¬ 

parison with the force of the single bond. But it is quite 
coiiceivatile that this small force F would bo sufficient to cause 
a difforauce of rcaatimt}/ according as it were ailded to or 
subtracted from the force F*. Thus the two forces expressed 
by F* + F and P - F would not difler ujjpreciably in their 
cajiacity for uniting two atoms, and certainly would not be so 
different as to allow the first atom to unite with two others; 
yet at the same time they would bo sullieieiitly diffinoiit to 
produce a change in reactivity of an atom attsiehed to another 
by one or other of them. 

Fibiii this iK)iiit of view, invijstigations of the reactivities 
of certain atoms and groiqis in molecules are of the greatest 
imiwrtancc. ' A considerable amount of work-in this direction 

* An iiiteroatiug paper by Tschib'chibabin (J. yw. Olum., 1912, 66, 881) on , 
“The Valoiioy of Carbon Atoms id: So-callod ‘Unsoturotod’ Oomponnda" 
OMy be brought to the notioo of the reader in this connection. 

• Boo among others, Clarke, Trwu., 1911, 99, 1432; 19l2, 101, 1786; 
Harper and Macbeth, 'Prana., 191C, IW, 87 ; Macbeth, ibid., 1824; Potreoko- 
Kritsehenko, J. pr. Ohem., 1900, lSJ, 61, 481; Petrenko-Kritaohonko vdA 
Kontsohon, Her., 1006, 88, 1462; Bonier, Trana., 1909,88,1827; tUd., 1010, 
97,1623; Stewart, Trans., 1905,87,185, 4)0. 
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has alrefidy been carried out; but a vast field lies open to 
research in this branch of tlie subject. With an increase in out 
'knowledge of the factors which govern the reactive power of 
compounds must cume, in the end, a modification of our 
structural formultD. 

We ore now in a position, not, certainly, to forecast tlie 
character of the symbols which will replace our present ones, 
but to state clearly what functions these symbols will have to 
fulfil if they ore to be regarded as satisfactory. They will 
have to cover the reactions whicli compounds undergo and to 
do this ))otter than our pi'esont notation permits. They will 
have to indicate in some manner the reactivity of the'com¬ 
pound, as distinct from the mere power of uiitoring into 
reactions. And, iiiially, they will liavo to embody the know- 
' lodge of the intiiiinte structure of molecirioH which we may in 
future obtain. 

It is not to be cx])octcd that success will be attained at a 
stroke. Much more probably, there will l>o a good deal of 
fumbling and recasting to bo gone through, just os there was 
before our prcsent-ilay formula*, emerged IVoiii tlie melting-pot. 
Any siiggostiuns, thendbru, wliich tend towanls the enlarge¬ 
ment of our ideas of chemical constitution should be welcomed 
by those who have sufticient critical spirit to grasp the failure 
of our contempuraiy formuhe under the strain of modern 
investigation. * 



ciiArmi XIV 


SOMK: UNMUliVKU lMiO]:Lli:MK 

Jn tli(‘ I'oruguiiig pages many uxoiaplus have been given to 
illnslratc the Hurmountiug of (liilicultius, cither practical or in 
theory, which at first siglit appeared iusupeiublc; nud a study 
of tlie countless successes wliicli have lieou achieved by organic 
chemists in tlie solution of the problems of chemical constitu¬ 
tion f'unuot fail to raise sauguiiio ho])eB that in the future 
the most com]dicuted structuri's will be elucidated. Yet it 
must he freely admitted that even the simplest com])Ounds and 
reactions reinaiu fruitlul ilehls fur fuither investigation; for it is 
piucisoly in this i-egion that modern oiganic chemistry is most 
backward. Wliilst the frontier of tlie subject is being pushed 
evi'r unwanl, the elder branches remain very much where the 
pioneers left them ; and our knowledge of fundumoiital things 
has nut increased at anyliiiug like the same rate as our other 
acipiii'cnients. In tlie present chapter, an attempt will be made 
to dii-ect attention to a few of the many points wliich might 
repay I'lirllier tlioiight and oAperimeut. 

In the first place it may be asked wliy carbon, among all 
the cleuiunts, stands pre-eminent in its capacity for fonuing 
long atomic chains. Other eleiiieuts also arc capable of catena¬ 
tion ; but none of them shows this peculiai'LL)r so markedly as 
carbon. 

Chain-formation ap^iears to l^e a charactoriHtic eon fined to 
those cloiueuts which lie close to carbon in the Periodic 
Arrangement of the elements, the motallio* elements being 
(llmost devoid uf the catenating property. Thus while lx>ion 
forms various hydrides of whith the mosti complicated ^ appears 
to bo 13 ioHi 4, the next clomoiit in the group, aliuniiiuim, has no 
capacity fur chain-foruLution. Carbon, in the fourth group, 

' stock, Friodorioi, aud Prioss, £er., 1013, 46, 3353. 
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appears tu have an aliiiosl uuliuiitod f:icility in furining long 
chains of atoms; but its next analoguu^ silicon, lias up to the 
present yielded notliing higher than the six mombered clioin ^ 
in hexosilune, while the ihhxl and fourth members of 

the group, titanium and germanium, exhibit no catenating 
properties at all, and the tin phosphide, SuyP, seems hardly a 
parallel case.’* In (Iroup V., nitrogen, especially when associated 
with carbon atoms, manifests a considerable power of cliaiu- 
formation; phusphonis^ reaches its maximum in the corapoutui 
arsenic is limited tu the union of two atoms and forms 
no hydride ^ more complex than AS 2 H 2 : whilst the remaining 
niembei's of the group show no tendency towanls forming eliains. 
Turning tu Group Yl., oxygen forms a tliroo-niembered chain in 
ozone; but except in organic compounds* the higher limit for 
the remainder of the group appears to ho two atoms in the 
cluuii ill such cumpouiids ** os 11282 . lu thu halogen gnlup, tlie 
only tendency towards catenation is to lio found in the soino- 
wliat doubtful examples of such compounds as KK : FIL. 

From this survey it will ho evident that carbon atoms 
IKisBoss some peculiar property which eimldcs them tu excel all 
others in this dirootioii; and, further, that only tJiose atoms in 
the immediate neighbourhood of carbon in the Peiiudic Anunge- 
incut (boron, silicon, nitrogen, and phosphorus) have the clmin- 
foriiiing property devolox>ed to any miu'ked extent. Jt is 
natural to iwjuire why this should be so. There is at present 
no explanation capable of accounting for tho pheuomena; but 
thero are sundry facts which appear to liuve soiifti possible 
bearing upon the (piestiun. 

In tho lirst place, the lU'cseiice uf metallic clioructcristJcs in 

i Stock und otburs. Her., I'JKi, 49, 108, 111; 1017, 50, 1730, 1754. 1764; 
1018, 61, 080. 

< Stead. J. Sue. Chetn. hui., 1B07,16, WO. 

* Itaseoii, CoMpt. rcitd., 1800, 111, 072; Stock, Buttuhor, und Longer, Iter., 
1000, 4S, 2830, 2817., 

* Janoweky, Bar., 1873, 6, 220. 

* Among tho organic compound!) cusioo huvo boon diacovored in which no 

lOBB tlian five sulphur at<pnii appear tef ho united in a straight olinin-^.g. 
benisono snlphoiiic trisulphido, C«lf(. SO,. S. S. S. SO.. C,H^ (Tn'iger and 
Uomung, J. pr. (Jhem., 1800, 60,134). The oxtramu nuip appears tu be tolyl 
pcntanulphide, OH,. . S. S. S. S. S. GgU,. CH,. (Triiger aud Voigt- 

l&ndur, J. pr. Cheat., 64, 613). 

■ Bloch and Hohn, Bttr., 1008, 41, 1071. 
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An atom appears to be a bar to obaiu-roriuation upon an 
oxtcnded scale, since otbcrwisu there seems to be no reason 
why aluminium, fur example, should not yield more complex 
derivatives than it itclually dues. It is obvious, that the 
linkage which unites two atoms in a molecule capable of 
hydrolytic dissociation must bo weaker than that whioh holds' 
togetliei*. such a pair of atoms os carbon and cliloriiie; and 
since tiie metidlic atoms aie all capable of foniiing easily dis¬ 
sociable comix)uuds it appears not unlikely tliat the form of 
linkage affected by them is of a slighter character than that 
which carbon exerts. Possibly this factor enters into the 
question of chain-formation, or at least choin-staliilily. Sug¬ 
gestions have Ijcen pul forwanl that valency may be divided 
into two categories: polar and noii-polar; and perhaps con¬ 
siderations of this type/ when carried furtlicr, may bring to 
light the true explumitiun of the catenating proporties of certain 
classes of atoms. 

iiccondly, all the catenating elements dealt with above are of 
the " amphoteric ” ty^xi, tliat is, they are callable of combining 
directly with either electropositive hydrogen or electronegative 
chloi-ine; but it should be noted tliat of lUeui all, carbon is the 
only one which forms equally Stable derivatives with both 
these eloiiicnts. 

Thirdly, all those clmiu-formiiig elements arc marked by 
their comparatively small aluiiiic volumes; * and it is not with¬ 
out interest to note that tliose other elements which, wliile 
incapable'of chaiu-formalion, show a tciidunoy towaids complex 
salt fui'iiiatiuii, are also of small atomic dimensions. An 
examination of the atomic volume curve will show ihat carbon 
has thu smallest atom of all the elements; und it seems not 
improliable that this peculiarity is in some way connected with 
its oxtraordinary capacity for Ctttcnation.t 

Thus if we gather together the chief characteristics of those 

' Seo Friond, TJus TIuorymof Viilenoy ; Blomstrand, Ohemie der JiUUmit, 
IflCC, pp. 21T, 343; HiuriebBou, Zeitfah.physikal. Cheni., 1903, 39 , 805; Ab«gg, 
ZeUscK anorijan. Uhem., 1904, 89 , 390; Bpiogel, ibid., 1903, 89 , S65; Filend, 
2 Vwm., 190H. 98 , 3C0; De, 'iVans., 1919,100,127; Briggs, ibid.,278. 

* Tho atotnio volumo of nitiogou is abnonnnl, as an pxammation of the 
curvu will at onua show. 

t This Buggoslion was luado to ma iu 1010 by the late IdeotenaDt 0. B. 
Orymble. 
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elements which form cliaiii-comix>audB, it appears that they: 
(1) have no metallic properties; ( 2 ) are amphoteric in clioracter; 
and. (3) have small atomic volumes. Wliat lies behind this 
must be left for speculation to suggest. * 

Turning now to a different field, it is natural to inquire 
why the intioduction of a cyclic grouping into a molecule 
should produce tlie changes in chemical character which are 
well known to follow ring-formation. For example, it is hoi'd, 
on our modern assumptions with lugard to the nature of atoms 
and molecules, to regard molecular structura as a rigid thing; 
yet in the case of cis-traiis cyclic stercoisomci's * there appears 
to be a fixity in the lolativo positions of atomic groui>s which 
seems to point to some “ stiffening ’* of the forces biiiiling the 
^ atoms in position. In fact, in this case, the purely mechanical- 
model with its fixed and rigid bonds, gives on tho whole the 
best ropresontatiou of tho phenomena wliich lias yet been 
devised. Yet it is clear tliat there can be nothing in the nature 
of this within the molecule itself. The idea of Faraday tubes- 
ooDuecting atom with atom may to soino extent assist us to 
hannonize the mechanical model and tho actual atomic pro¬ 
perties ; but 11 ]i to the present it may he said that we liave no 
clear conception which fits the facts exactly and sufliciuntly. 

Ill the gnni]) of cyclic compounds, another unexplained 
phenomenon meets us at once: the heuzenoid character 
possc 8 .scd by certain substances. This peculiar series of pro¬ 
perties is evidently not pitiduced by one factor alone, but must 
ho tlie result of at least three co-existiiig infliionbes. The 
alternating system of double and single bonds which is uharac- 
teristic of tlio beiizeno system is to he found in other molecules 
as well. It occui’s, for oxampio, in hoxatrieiie-: CJIg : CH. 
CPI: CH . GH : CH^; but no aromatic character is shown by 
tills substance. Again, the iiiei'o occurrence of a six-membored 
ring in a compound confers no benzeuoid characteristics on the 
substance, as is*secn in tho cose of the lerpenes or the- hexa- 
methylene derivatives. I'inally, even the comhinatiou of a ring 
and the alternate grouping of single and doable bonds does not 
Buflice to produce aromatic proiHirtios, since lioth such chai^- 
teristics ai^ present in cyclo-octatetracne:— 


* And also, though to a lessor oxtont, in othylenio stereoisomoeH. 
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cii=«cji- cii=cn 

! 1 

oii-on cH-cii 


lAid ytil lliis subbtance ^ is iiul buiizonoid iu cluirautcT. ll is 
thus evident tluit tlio nwmb&r of the carbon atoms in tho ring 
must have some iniluonco; and that to possess tlio aromatic 
characteristics a cojnpound iiiust contain: (1) a cyclic structure; 
(2) six atoms iu the ring; * (3) a symmetrical arrangement of 
alturnate double and single bonds within tlie ring. Why this 
IKU’ticiilar an-angemeut should Ix) nxi^uircd and why it and only 
it can confer aromathi properties u])on a hydrocarbon molecule 
is a itoint upon 'vhich speculation has hitherto failed to throw 
light. The most plausible solution is to 1)0 found in Collie’s 
buuseno space-formula; ® but oven it leaves room for furtlier 
thought on the subjcxit. 

Tl’iU resembhince to tho beiii'cno characteristics wliich is 
exhibited ])y thiopheuc is aiiothui' point ui)on which no satis¬ 
factory views have Ixjon cxpi'cssed. It may bo recalled that 
altliongh tlie usual formului for thiophene and pyrrol contain 
atoms capable of forming “ nniuni ” derivatives by the addition 
of alkyl iodides, no such addition reaction has been observed in 
either case. however, pyrn»l be reduced to dihydro-pyrrol, 
the nitrogen atom apjKirently becomes normal in tliis resj^Kset; 
and,ammonium salt formation taktJb place. This bdiaviour 
could be expiiissod by means of the following fonnuhe:— 
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but in view of other reactions it seems doubtful if this view 
can be maintained. 

Wo come next to addition roactions; and in this class many 
problems present themselves for solution. The most goner^ 
rule which lias been laid down in tho Held goes by the name of 

1 Willstiittor and Wnsor, Jkr., 1911,44, 3428. 

* It should bo notod tliat iu such Bubstancos as pyridinfi, atomB other than 
carbon onos con [otiu part of tbu ring and atill the buiusenoid obaracter 1b 
maiiitainod to a groat ozlont. 

* ColUo, 2Vana., U97. 71. lUlB. 
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Michael’s Distrilnition Principle.^ Supi)oso that we have an 
uusaturated molecule which can bo represented by A—B and 
that another molecule C—D can attach itself to the first one; 
then it is clear tliat wo might have either C—A—B —13 or 
D—A—B—C produced os the result of the reaction. Suppose 
that the forces attracting A to 0 bo represented by ac, while 
those attracting A to D are symbolized by ad^ etc., then it is 
clear that if m + hi is gi'cater than he + Ofl, then the com¬ 
pound C—A—B—D will be produced in greater yield than 
tiio compound 1)—A—B—C. 

This “ principle ” of Michael, however, does not go far enongh 
to biing into lino all tho relevant facts. The addition of 
hydro1)romic acid to a compound of the typo CII2: C(OH3)2 
results mainly in the production of OH3.CBr(C1 £3)2 wherein 
the halogen ntoiii has atUiched itself to tiie tertiary carboi) atom. 
It is impossible to dissociate tliis in one’s mind from tho fact 
that broinination of llic uomi>oniid GH3. CH(OH3)2 leads as 
a main roaclion to the formation of CH3. Onr(OIf3)2, wherein 
the tertiary car1)0ii atom is again allacked. Obviously there is 
sumo peculiar quality in the tertiary grouping which renders it 
attackable; fur the paratlin 0113.011(0113)2 is as oiisily 
oxidized ns an olefine by rueaiis of potassium pcnnaiigaiiate.’* 

' This behaviour of a purely alipliatio compound is siifTieient 
to show that th(% similai' reactivity of the “ tertiary ” atom in 
triphenylmethaue is not due to the iiifluunco of the phenyl 
radicles in the molecule, but depends iqx)n some much simpler 
factor. 

The addition reactions of the aldehydes appetir to furnish 
groiuid for investigation. Thoro is an obvious parallelism 
lietwuen the methods of addition in the Ciises of sudi dissimilar 
reagents as hydrocyanic acid, potassium bisulphite, ammonia, 
and the Grignard reagent; for in each process the free hydrogen 
atom (or tlie —Mg. 1 group of the Grignard reagent) attaches 
itself to tho oxf^on atom of tho aldehyde, while the remainder 
of tho entering molecule fastens itself upon the carbon atom of 
the carbonyl group.* Abogg’’ lias tried to arcouiit for the 

I Miohapl* J. IP*. CluttH., 188B, TI., 87, 524; 1899, 00. 88G, 409; 1908, 88, 
487; ffrr., 1900, 89, 2188. 

^ Zoliiiiiky and Zolikow, tttr., IfMIl. 34, 2865. 
r * Abegg, tier., 190.5, 88, 4112. 
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Grignard roaofcion hy assuming tliat in GH3. Mg’. G 1 the group 
c Mg. Cl is “positive,” whilst the methyl group is “nogafeive.” 
This seems to be a more juggling with words; and it certainly' 
fails to account fur the fact that the groups—NHj and—SO3K 
appear to have exactly tho same '* polarity ” os tlie methyl 
group must have on his hyiioLhesis:— 
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since they heliavo in precisely similar manners in their reactions 
with the aldehyde molecule. It is evident that the solution of 
this pvohleni is still to bo sought. 

Another field of inquiry in addition reactions is that opened 
up by till' disenvery that oxidizing agents and halogen moloculos 
appear to net in entirely diUmnit ways uixm nnsatnrated link¬ 
ages.^ The o\i<]izing agent attacks a single ‘‘side” of the 
niulcrtnie, whei'cas the halogen atoms attach themselves in the 


trans-position as shown below - 
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Franklaiid ^ has suggested that this may 1 )C due to the idoms 
in a halogen moleeulc lieing -sepanited hy a distance siifHcient 
to bring l.lium on opposite sides of the ctliylenie molnculo when 
they react with it. Stewart^' ascribes the plieiioinenon to a 
non-simiiltanclty in tho addition-maotion in thb case of the two 
narlions united by the cthylunic linkng& Thus if one carbon 
atom is attacked before the other, there,will momentarily be 
formed the grouping— 

' ATichae], J. Amer. Ohfn. Soe., 1018, 40, 704,1674. 

- Frankland, 'lYmu., 1010,101,673. 

* Stewart, Sterew^Knastry, 1010, p. 118. 
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and the final situation of the second bromiiio will bo determined 
by the directive fonses which this complex exerts ujiou Iho 
entering atom. In Stewart's view, thtise foi-cos tend to drive 
the incoming atom into the trans-position. Tlio ])]ieuomonon is 
to some extent akin to tliat of the Walden Inversion. 

Other examples of analogous “ directing ” agencies are to be 
» found in the phonomona of the Oniiii Brown Rule * and in the 
field of sLensdclioniistry. Thus in the ca.se of the ostmification 
of an active acid with an alcohol it is found that the rate of 
reaction between tint f 7 -acid ami the r/-.alcohol is different from 
that of tlie traction lietwciui the d-acid and the /-alcohol; 
similar results are observed in the case of the breitkdown of 
active matoiials by ninaiis of active catalytic agents; and tlte 
influence of directive factors in the case of asymmetric .syntheses 
is obvious. Up lo the [intseut, there is no “(^\planation ” of 
these things. 

fn a similur class we may place those cases whoroifi the 
same I'cagent acts difTerently upon molecular structures which 
we symbolize by identical signs. For example, we, write the 
same .symbol for a double bond whetber it lie pirsent in an 
ethylcnie linkagtt, a carbonyl i-ndiclc, nr a earbon-nitrogoii union; 
yet thu.se tliirc tyi)cs differ entirely from eacli other in their 
beliaviouT towards hydrogen and hromihe. It may be objected 
that although tho bonds are written in the saino way, wo 
mentally interpret thorn diffui'ontly iu'cording to tho atoms 
which they join > bnt ns wc have alirady seen.t even the ordinary 
ethylenic bond is used to cover a number of casus wherein the 
reactions of the compounds ore upt oven remotely nli]ce. 

Molecular stability is another problem of which barely the 
fringe has been surveyed. Why is tho conipoutid ( 1 .) extremely 
stable while (tt.) is nnstahle and (III.) is non-existent under 
the same experimental conditions ? 

• Sae p. 18. 


t See p. 325 . 
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OeH.-N:N-CflTT8 
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CH8-N:K-0K 

(III.) 


CaTfe -N:N-OH 

( 11 .) 

P:P--OH 
(IV.) ' 


jSTo satisfactoiy Uieory of Uiis apparently .simple problem has 
yet been su^'gcstcfl, nor luivo wo any hypothesis which accounts 
for the non-isolation of the phosphorus analogue (IV.) of 
(liasolwnzorio hydrato. 

Again, carbonic acid i.s unstable; but when a sodium atoni 
is substituted for ono of tho hydrogen atoms tlio rc.siilting 
sodium bicarbonate is (piite a stable compound. Thu same rule 
holds good in the case of tho analogous sulphur derivative, 
sulphurous acid. Yet in oacli cjise the salt is more strongly 
dissociated than tho parent acid in iiquoous solution. 

Th(‘i'C appeal's to lie some infliioncu at work wliicli pHtvunts 
the accumulation of certain atoii ic groups upon one carbon 
atom. Thus although totrachlorometbane, CCI4, and totranitro- 
niotkano, C(N02)4, arc compounds whicli can be distilled without 
decomposition at ordinary pressure, the analogous tetra-amino- 
dorival.ive, C(N 1X2)4. is uiikiiowii; and ritaulions lending to its 
formation produco only guanidine Nil :C(N 112)2- I'll'' 
of four hydroxyl radicles atlachoil to ou(t carbon atom the 
decomposition goes even further; the compound 0(011)4 bieaks 
down instantaneously in oi-der to yield carbon dioxide and 
water. 

In a minor degree this instability can be traced in certain 
other reactions. Chlorofonn is unallected by alkali bisulphites, 
whereas chloropicrin reacts readily to yield trisulphonatos such 
as H. C(S()3K)3, so that evidently the inlrodnction of the iiitro- 
gronp liAs lowered the stability of tho oomiMuind. 

As an offset to this, the stabilising action of a chlorine 
substituent may be noted. At ordinary tempemtures acetalde¬ 
hyde forma no stable addition product with w;jftor; whereas the 
hydrate of chloral is comparatively stable:— 

Cll8.CII(OU)2 • (Jt;i3.CIl(OH)2 

UnHtabIfi. Btablo. , 

It appears that an extension of our knbwledge of the 
stabilising and unstabilizing inllucnees of various substituents 
in methane might u])en up a very iutorostiiig line of research. 
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Intramolecular cliango * furniBhea one of the most* interest¬ 
ing fields for spoculatioii in organic cliuinistiy. Two problems 
010 evidently involved in the question: fur wo may inquire, in 
the first p]aco, why one particular structure is more stable thasi 
an isomeric form; or, secondly, we may ondoavonr to conjecture 
the mechanism of llie process whereby the one isomer is con¬ 
verted into the oilier. Lei us take certain well-known examples 
of intrainoleculur changes and see if they can lie accounted fur 
by any general principle. It will be siillicient if we examine 
the pinacone change, the lieekmanii roiirraugemeut, the beuxiUc 
acid cluuigo, and the hydrobun/oin change. 

All these four types of 1‘carrangcuieut within the mulueule 
can he bi'ought into line if it b^ assumed that the first stage in 
the miction consists of the ailditiuii of an outside ruiigont, wliicli 
for thu sakp of simplicity we may rc'gaRl as watitr. The changes 
would then he ex}>ressihlc as shown IhiIow ; aiul the pai'ailelisiii 
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* For Bomo gouenU views on iutruiiioloculai; change bco LapworUi, Tram. 
1898, T8,116; and Tillonoau, £ 001 ;? gen. d. Sdenecs, 19p7, 683. 
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'ilie foot that all four reactions can be represented in a 
common system seems to point to the probability that this view 
of the muchanism may bo uoai- the truth; and it is thoroibre 
Wortli while to examiiio tlio matter rather more closely. When 
wo look at the intramolecular rearrangomouts demanded by this 
formulation, it is clear that in cnoli case there is a tendenoy to 
accumulate hydroxyl radicles upon a single carbon atom instead 
of allowing tlicm to remain distributed evenly throughout the 
molecule. Such a grouping is unstable, as is well known; so 
that once it is formed it would be liable to break up, and would 
not 1)0 reformed to any extent by a back-ruimtiun. 

The cunversioiL ^ of pinacoliiie alcohol, (Cllg)3C. CH(OH). 
Ollg, into symmetrical tetmmethyl-ethyleue, (C!I^C: G(OHg)g. 
is evidently another pi-ocess wherein some intonjiediatc stage 
must occur; since the direct elimination of water would lead by' 
analogy to some such compound as ( CHg)gC. Cll: CHg. Possibly 
the course of the reaction is os slu wn below;— 

(CJiglgO Oils (OllglgC OH (OllglgC 

I -IljO 

i A)Ll -^ yCIIg- 

OII,-a-li OH, -C -11 (OH,),C 

Tlio iuertnoss of the carbonyl radicle in compounds such’ 
iis apids, acyl chlorides, amides and iinides is very striking, 
usiiecially when the marked reactivity of the ketonie group in 
pyruvic acid is borne in mind. Iii this case there can hai'dly 
be any “‘positive" or “ negative ” property of the substituent 
involved: a chlorine atom paralyses the carbonyl group whilst 
the equally “ negative ’’ carboxyl radicle in no way intoiferes 
with the carbonyl reactions; while the “ positive " amide*I’adicle 
has tlio siuuo olTcct us the “ negative ” halogen atom. 

In concluding tliis chapter it luay be well to draw attention 
tu a number of siiociiio cases * which require further investiga* 
tioii. Some of theso may bo mere examples Of polymorphisio, 
but there are others which caunot bo accounted for upon any. 
such hypothesis. ' 

Prom viscosity measurements,^ it appears that nitrobenzene 

' Zollnski aud Zolikow, Ber.f 1001,84, 3260. ^ 

* I am iudebted to Professor Sniiles for somo oi ibo foUowing axamj^es. 

‘ Mlllilci)bcui, Ueber dit innerg Ihibupff von RiefiteWrid^ten, p. 67. 
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exists in two different forms, though tlie spectra of these appear 
to be identical.^ There are two forms of o-uiti’otulueiie, o-chloro- 
toluene, o*bromotolueno, o-toluidiiio,^ uud' o-chloiuniiilinc.^ Two 
forms of hensophenone exist; and uuinorous otlier examples 
ore quoted by Knoovenagel.^ 

Two varieties of 4 -quiuolinic acid appear to liavu been 
isolated wliich form diffei'ent salts, nihydruxy-dinaphtliol 
sulpliide exists in two forms wliich differ from each other in 
the reactivities of the hydroxyl groups and sulphur atoms.** 
A similar case has been observed in l-cliloi-o- 4 'nitroiiaphtlialeno, 
wherein the chlorine atoms have quite different activities in 
the two varieties. The more complex pheiianthi'cno nucleus 
exhibits analogous phenomena, for 3 -phenauthi'ylamine ^ exists 
^in two forms each of which gives rise to a chai'actcristic series 
of salts which on decouqiositiou legcnerate the isomer from 
which they were prepared, aliiiough both forms of the parent 
amine give rise to identical acetyl derivatives. 

Knough has now been said to show that even among the 
simplest xirobleins of organic cheudstry there remains, despite 
all the work of the past fifty years, an extremely fascinating 
field of inquiry. It is one which especially lends itself to the 
propounding of hypotheses; hut it should be remembered that 
uuless an liypothesis si^geats linos of further research it is in 
itself likely to bo of little value except as a lielp to the memory 
in grouping the known facta in a simpler form. 

* Crymblo, Stowart, luiil Wright, flrr,, 43,1183. 

* OHtroniiKslouiiky, Ztsitsch. phyaikai. UJustn., 1006, 67, 311. ' 

^ Knouvoungol, Bar., 1007, 40, flOS. 

* Knoovooagel, Bnliokktuwj d. Steraxlutmiii au ciner Jlfoiostenvc/ut/iie, 
ld07, p. 313. 

* Henriquon, Ber., ISUl, 87, 2003; Ohristoplicc and SuiiloK, 'lYitna., 1012 , 
101, 710; Grymblo, Boati, and Smiloti, ibitl., 1140; Noiitu and Smilcfi, ibid., 
1490. 

* Wexnor and Kuntz, Ber., 1901, 84, 2826. 
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Cryptupyrrol, 211 
Crystalline clilurupliyll, I'JH if. 

CyaiiiMutyl-urua, 10)) 

Cyiiiiidin, 230, 333. 32ii, 237, 233 
„ and Mio i;.arlNjliytirates, 20.) 

„ iLS an indieiitor, 233 

,. i-liluridi', 230,321, 33:1 

„ con itibutioii of, 330 

,, prtjpertii’s of, 233 

„ syiiLliusih of, 330 

Cyauin, 330 if. 

,. cliloridii, 230, 333, 333, 33) 
Cyanopliyllin, ‘Jiri-T 
Cyuiiuporpliuriii, 205 
Cyi'liu coiiipomids, rigidity of, :J3I 
Cyclocitrul, 90 
Cycliiguranin tuiid, 93 
Gyi‘Iu-uclndiunu><, lOS, 110, MO 
Cyclo-uetutotraunc, 331 
Cyclij-peiitadienc, 313 
Cysteine, 194 
Cystinu, 194 
Cylusiuo, 195 

DujivinucKTJC acid, 352. 357 

„ „ tiilile of it>« durivativfs, 2.>S 

Dohydcocanipliociu acid, .V) 
Mcbvdroxvnaiilitliiilciio u\idu, 311 
Dclphinidiu, 235, 220, 233 
Dclpliinin constitution, 225 
Dopsides, 4 
Dialiotos, 273 

Diaci'tunu bydroxyJiiiniuu, 5.5 
iJiacutybuiutouo, 243, 255 

„ dorivalivch, 342, 255-2 

Diacutyl-diinotliylpyroue, 257 
Diacutylorcinol, 2^ 

Dioiuiuourocil, 170 

„ nrothaiic, 170 
Diazo-acotic ester, 77 , 

Dibroraucotinino, 121 • 

Dibromotiuouiuc, 121 
Dieyolo-octiUliono, 103 
DibydrocainphoA), OS 
Dlhydrocorvoo], 35 
Dihydrocarvone, 46, SO 

hydrobromidu, 40 


II 
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Dihydrcqaicotyriuo, 134 
IMbyilroxycamphoric ooid, 58 
* Dil^droxydiamiuo-uiiojioboiusouo diliydroohlorida, 8 
Di-iflopxene, 85 
Dikotcmpocamphorio cmtor, 67 
Dinitocauiphorli} ostor, 67 
Diketopiporasdno, 100 
Dlmethozy-protocatochuio aldohydo, 231) 

Uimotlioxy-qumoliiii), ISC 
l)iiucthyl-all 6 D 0 ,84 
l>imetil]:yl<anilid^uulphido, SiO 
„ homocalcohol, 13C 

,1 iioraauiplioiido, GH, CO 

„ pyronc, 252 fl'., 256 

„ „ couBtitutiou uf, 254 

„ „ saltH, 240,258 

IMpontoiio, 32 ff., 84 

„ uotioii uf nitriMyl cfalorido uii, US, U7 
„ couBtilutloD of, 32 IT. 

„ liydroLnmudo, 42 

„ nitrosoulilorido, 83-1 

J HpLoiiyl-bonxidiiio, 802,80C 
„ -othylone, 335 

„ -hyuEiutyl dorivatlvuu, C, 800 jD‘. 

„ -hvdEoxylammo, 80H 
„ -niteogou oxido, 808 
„ -thioindigo white, 283 
Dividont nitrogen j 804 

Uoublo bonds, aotiou of nitrotiyl diloridu on, 8:1 
„ „ „ „ hydroxylamine on, 318-0 

.. II o*ouo on, 0 

„ „ roautivitiCB of, 326,335 

„ „ conjugated, 12, 23, 824 

„ „ tiwir behaviour on oxidntiou, 20 

„ „ their inUuRuco on hydrogen atojua, 822 

T)oublo refraction, olootrlo, 24 
DrugH,%yiitliotic, 8 
Dyes, vat, 6 

VaaoNiNB, 

Blootrio abHorplioij, nnoniuluuM, 24 
„ discharge, silout, 26 
„ double nifructiou, 24 
Electronic formulae, 2, 820 
• Biixymes, 104,105, 200, 201, 242 IT., 217 
Ergot derivatives, 181 ff. 

Ergotinino, 181 
Ergotoxiue, 181 
Erythropyllin, 206-7 
Brythroporphorin^ 205 
Esterfleation, selective partial, 17 
Ethereal oils, 20 
Ethyl chlorophyllido, 301 

Ethylene, action of dlent oioetric diBc;Jk''^'^CO on, 26 
Bucaiue, 9 • 

EixliauBtivo mothylation, 130 

Vais, natural syuthosis of, 371 
Eenohenos, 78 n., 81,82 
Fonohooanmhorono, 78,74 
Fenohone, 70 fl. 
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FenohoflantenoDe, 73 
Feuohyl alcohol, 73, 78,81 
„ ohiotido, 78,74,81 
Fetinonte. Sea ISnxyinca 
Flavanthreno, 7 
Flavouos, 4,^29, 263 
Flower pigmmts. Sta Anthocyauius 
Flowers, colour variot; iu, 230 
Fonoaldohydo, 246,267 

Fotmului, viows of Gouimf aud KokuLu uu, U15, 818 
„ olootronio, 2,320 

„ linplioalious iu iiiodorii, 317 

Froo radiuloH, chomwtry of, 270 H. 

Fulvencs, 826 

Gaixio acid, 3,143 
Gcraiiial, 100 
Ooranic aoid, 80, 91 ft. 

Ooraniol, 07 il. 

Glanoino, 165 7 
Uiaucophylliii, 200-7 
, Glauooporphoriu, 206-7 
aioMo, 312 
Globulins, 193 
Globulose, 104 
Olucoprotoins, 103 
GluooHaniino, 194 
Qlyoyl, 188 

„ chloride, 100 
Olyoylglyoiuo, 188,190 

„ carboxyliu usticr, 188 

„ osier, 188 

„ Kbciuo, 190 

„ Icuoiiiu, 188 

Qlycyl{'lycy1;{iycylglycin(i carliollioxy-cslur, 188 
(llyoyigiycylluuciiio carboxylic ostur, 188 
Glyuxal. 174 
Glyoxaliue, 174 

„ alkaloids, 170 IT. 

Gnoscopiiio, 162 

Origiiara reaction, 8, 29, 31, 32, 39, 40,161, 204 
Guiuidino, 336 
Guanine, 196 

Hajuiatic ooid, 211 
Haematiu, 212 
Uoemln, 6, 212 
Uemipinio aoid. 142 
Hemite^nes, 26 

Hexahyurooitiohomoroiiic aoid, 131 
Hexaphenyl'O6hanoJ280, 286, 300 
Histidine, 179 
Histones, 199 

Hiomiooamphorio aoid, 61 i 

Homopiloplo acid, 176 ■ 

Homopipmmaldoxiine, 166 
BS^piporonylamino, 166 
llomoprotooateohtio acid, 138 
Hbmoterpenylio add, synthesis of, 32 
„ „ methyl ketone, SO 

BomoTeratrio aoid, 188 
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nomoverutEoyl chloriilo, 1118,156 

„ -ainiuo-tu!o1io>voniitrjuu, 136 

„ -hydroxy-hoiuovumlrylamiuu, 136 

llorflonitiu, lML-2 
llyilrastiiic, 155,166, 167 
liCydruHtiiiiuo, 

llydrcx-hlumtropio ooid, 127 
Uydrochlococatvoxlino. 77 
Hydrocolaruiiif, 111. ISO 
llydroLydraHtiiiiiii), 154 
Hydruxy-auids, liclinviour of, 317-8 
Hydroxyuainphuruiiiu ucid, 65 
llydroxydiliy(lr()({uritiiic nuid, 61 
llydroxyoliliyldiiuGtliyluuiiiiu, 16U 
Hydruxyfoncliuuic uoid, 73, 74 
llydroxyluiuinu, 5t 

„ and duiililo Uiiidx. 51 

Ifydruxymciibliyliu acid, 60, 52 
llydruxy-iiuL>litby]i>ii» oxide, 311 
Hydroxy pliuityluLliyluniinu, 181 
Hydroxy ti*l.riiinothoxy(;lialkoiiu, 220 
llydcoxylrimulliylyluUriu oxtor, 65 

llMKlM, 228 

liidanlljroiiu, 7 
Tndiariiljbor. Hee llubbcr 
LndiuaturH, IS 

iMlmiiiolocular cliaiigus, 11, 15, 11,17-U, 67, 70, 74, 78, 76 IT., 211, 337 
luiione. 67, 68 

Iron, uLiliculIy iiutivu cuinpuiiiidx of, 1(S 
Jruiio, 67 
fsolKininoI, 62, fi? 

[hucainiilionilaii aldohydi', fi.S 
FsuiHuniihunilairu! acid, Ij8 
Isuciiitipliuriis lu'id, 60 
Ixucldoroidiylliii-H, 206-7, 206 
Ihoou^oJiu-, 163 
Jxucryptopiiio cliloi'idt', 166 -7 
Isoliuoiiiupyrrol, 211 
iHuinorrt, uiiiixplniiii'd, 336 
lauiny ristir-bi, 117 
iKopilocurpiiio, 178 
Isuproiiu, 84, 103, 112, 113, 114, 116 
„ poliiiocixulioii of, 85, (03 7 

„ HynlliUbUH of, 81 

Isopulogol, 87-8 
lsopulc'{(oiio, 83 
iKotiuiiiuliiic alkaloids, 135 IT. 

KABiniKUOL, 226 
Kcrouyauiii, 228. 

g oratm, 163 
oteiw, 5 

IjACTAm ringH in oliloropliyll, 206 ' 

Liuvuliiiic acid. 107 

„ ivlduliydo, 107-8 
Laudaiioxiiio, 140,165, 166,167 
Lead tutruxylyl, 301 
Lead tiixylyl, 301 
Lepidino, 181 
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Leoitfaoprotoiiis, 193 

Lencyl'octagyloyl-glycine, 191 

Leuoyl-liriglycyl-leucyl-octaglycyl-glycine, 191 

LbUoyl-tTiglycyl-lcncyl-triglycyl-leucyl-octaglycylglycine, 191 

Ugnooolli^aes, S89, 240 

Limoneuos; 87 

Linalool, 97 

Lolpmlo twsfd, IBl 2 

Lumiiiosoance, 2-1 

Lntidono, 26H 


Maunki'Iu rotary powitr, 23 
„ isUticoptibility, 24 
l^Ioloiiyluroii, 166 
Malvin, 22 H 
MarkownikolT Ilulu, 40 
Meoonine, 142, ISl 
Meoocyanin, 223 
MoutLouo, 61 ft. 

MonthoJ, 51 ff. 

Alontliono. 46 fT.. 91 

„ docuiii[>osjtio}i prcduutb of, 50 
„ from rhodliial, 94 
„ syiitbcHiB of, ^ 

Morcury raonn\'aleiit, 316 

„ phoDy] mcrciiptido, :il I 
MeKKiuiuoiio, 129 (T. 

MeHityl oxido, 54, 816 
„ oxime, 65, 819 
MeBOxalyl-UEuii. 171 
Metapniteins, 198 

Methoxyl groupn, o«timntioii of, 119 
Itlotbylntion, oxliiiastiro, 120 

„ in \iLal KyiiMiOhen, 245, 207 
MotliyiuM-lohexauoiio, 60 

Mctbyl-otliyl-mnioiiic iu;id in iiH.Yiiinuitric syntbohis, 13 
,, heploiioiii), 41, 39 ft., 9!) 

„ imiuo-gronii^, dolonnin.ition uf, 119 
„ morcarv ohlm-ida, 318 
„ morphimetiiiiio, 169 
„ tior-camphor, 72 
„ pyrrolidmo, 64 
„ tbtrahydropupuveriiio, 140 
Molecular asymmetry, 16 
„ rigidity, 331 
„ stability, 386 
Morphine, 168,161, l(i6-7 
Morphotliebalne, 164 
Myroone, 116 
Myrioetin, 231 
Myrioitrin, 881 
Myristioin, 146 

„ aldehyde, 147 
MyrtiUln, 228 

l^ABCOlHE, 152, 166-7 
Narootlne, 141, ftl3,161* 2 
NenJ, 100 
Necol, 97 S. 

Nuolfllc acid, 198,195 
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NuoleoprotolQB, lOS, 196 
Nicotine, 120 if. 

Nicotinic acid, 121 
Nicolyrino, 123 

Nitrogen compounds, optically active, 16 
1 „ divaleot, 800 ff. 

„ quadrivalent, 808 

Nitrometluiiie, 14,15,166,181 
Nitroso and iso-nitroeo derivativeB, 38 
„ diphonylamino, 808, 305 
Nitrosyl culorido, 88, 77 

„ „ action of, on double bonds, 33 

Novooaine, 9 

OcTADEUAPjamnn, 191 
Oenin, 22S 

Olefinio tenenes, 84, il. 

Opiaiiio acid, 141 
Optical rotatory powe.., 16 It., 21 
Oroinol, 266, 266, 256, 261. See also Fhoudo-orciitol 
Oxcuos, 222, 264 
Oximidonulonylurea, 168 
Oxoiiio ai'id, 171 
Oxouiuui Halts, 222, 281, 263 
Oxygon, loonovulent, 311 
„ quadrivalent, 253 
Oxonides, 9,10,107-8, 111 

PAFAVKBinn, 186 IT. 

„ natural formation of, 267 
Piipaveroline, 136 
I*nrLial valondch, 11 IT. 

Pclargonidiii, 226,226, 827, 229, 2A0 
Polargoiiin, 226 
[*ciitaglycylglyciue, 191 
Peouidin, 228 
PcouiQ, 228 

Pentaplionyl-ethanp, 288 
Pentosuria, 272 
Peptones, 194, 289, 240 
Peraxine, 802, 307 
Potunin, 228 
PhRophorbides, 204 fT. 

PhesopborbinB, 204 IT. 

Phieoph^ins, 204 fT. 

Phenolphthaloin, 16 
Pbenylbiphonyl-a-naplithylmethyl, 286 
Phenyldisulphide, 809, 310 
Phonyl'Xnnth^l, 285 
Phoapboprotciiui, 198 

Phosphorus, optically artivo compounds of, 16 
Photochemistry, 26, 246 * 

Phthalido. 60 
Phyllophyllin, 206-7 
Phylloporphorin, 208, 211 
Phyllopprol, 211 * 

PhyeicM properties and chemical constitution, 22 ft. 

Phytenio acid, 202 , 

Phytoohlorin, 206 
Fhy^hlorln-s, 200, 208 
Fhyto], 199, 201-2 
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Phytorhodin-^, 206 
Fhytiyl alcohoL See Phytol 
„ cUorophyllido, 201 

Pigments, plant, 217 if.. 268. See Anthooyanine 
„ fiaetid, 217 
soluble, 217 
Rlooarpidine, 176 
PllooaTpine, 176 
PUoplc acid, 176 
Pilosine, 175 
PHosinine, 178 

Pinaoone rcarrungement, 244, 337 
Pinene, 76 if., 312 

„ hydrochloride, 66, 77, S2 

„ nitrosoohloride, 77 

Pinic acid, 78, 79 
Pinol, 76 
Pinolgiycol, 76 
Pinonlc acid, 78,79 
Piperonal, 154, 156 
Piperonalacotalainine, 164 
Piporyleoe rubber, 114 
Plant syuthoses, ^4 if. 

Pblykctidcs, 251 ff. 

„ table of derivatives, 258 

Polymorisatinii of othyiono, 26 

„ isopreno, 86,10:J-7 

„ „ keton, 6 

„ „ reartiouH, 2.10 

Polypuptido Ryntlicses, 186 IF. 

Polypeiitidos, 3,184 IT., 239 
• ,, dofliiitlun of, IRC 

„ proportioa of, 191 

l>ro1iue, 194 
Proslhotio groups, J93 
PruLainines, 198 
Prr^teinR, 3,192 ft. 

„ vital syiithosGH of, 2.39, 272, 276 
Proteoses, 194 

Protocntcohuic aldehyde, 182 
Prunicyanin, 828 

PBOudo-iicids and pHoudo-luisrs, 14 
„ (.odeiup, 161 
.{onune, 97 
„ jaboriiie, 17.5 
„ naoelne, 162 
„ oroinol, 256 
„ pllocarpino, 175 
„ tropine, 126 
„ uric acid, 169 
Fulegone, 64 d. % 

Purine, 173 

Purine alkaloids, 168, 239 
„ derivation of name, 168 
„ nomenolaturo, 178-4 
„ gynthesla, 173 
Vatresdno, 194 
Pyildylpyrrol, ISS 
l^rone, 260 

Pyionea and oarbohydEatos, 262-3 
P^l,882 
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Pyrrol dorivatives, natural Kyuthanin of, 2(>4 
J'yrrolidine alkaloidu, 1:20 IT. 

Pyrropliyllin, 20&-7 
Pyrromrjjliorin, 20fi, 208 
Pyra\nc acid, 27S 
Pyryllium nucleus, 222 

QUKltCKTlN, 220 1 
Quinine, 136 
Quinclea, 293, 807 
Quinoline, alknIoidN, 129 ff. 

‘‘ Quinoline liulf'' of I'iiiuljoniiic, 130 
Quinono, i<!onieric foriUK of, 310 
„ moiiuximo, 310 

Ill'-ACnVITV, 21 

lUvircaiigeiueiit, iiilrainolocular, Hpv Intranioluculiir CHioiiges 

lii>friU'.tioii, oloctcii: double, 24 

Uefroctivo index, 23 

Itesolutiun inclliods, IT 

lUiiininosi', 228 

Ithodiniil, 92 IT. 

Kliodiiiic acid, 92 IT. 

Uhodiiiol, 92 IT. 

Illiodopliylliii, 205 -7 
Ulujdopofplioriii, 205, 20H 
Itliodiiim, opbif‘.iny active I'onipoumls of, lil 
Itosaiiilino, 283 

Itiiblicr, Anglo-Froiii'li Hj'iiUiohis of, 6,111 tl. 

,, 'iroiiio-durivativc, 110 

„ coiiKt-itntion of, 107 IT 

i1iIi>di-i)f‘liloi‘u-dcM-ivul.i\o of, 109 
,, liinliury of. In:) IT. 

,, iiiibunil niid syiibliclie. 113 

„ oxoiiido of, 107 

II properties of, lUO IT. 

,, Q Mynthobir, KKl IT. 

„ Yulcaiiihatiuii of, 1U7 

liule, MiirkowuikulT'':, Mi 

Kauatiku and Sondcruns’ reaction, 9, 09 

SalvarriRii, H 

Salvianiii, 227 

Seloroprotuins, 193 

“Second hall ’’ of ciiicboiiiiic, 130 

Scloniuin eompouiids, optically aclivc, 10 

Scmiperiucnblo iiioinbL*anc<, 239, 238 

SesquiterpeiioH, Uti 

Silent electric dihclnugu, 29 

Silicon compounds, optically active, 19 

Soumiii, H 

Sobrorol, 76, 70 

Sobrorythritc, 76 

Spatial conjnation, 21 

Spectra, absurption. Alisorplion spectra 

Stability, molecular, 380 

Starches, 235, 239, 237, 249 

Stereooliomiatry, 10 IT. 

Stovaine, 9 

Substitution in benaone iiuoloun, 13 
Succindialdchyde, 134 
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Ehiocindlaldoxlme, 124 
Sugara, dynamic forraulffi for, 260 

„ pradootlon of, from formaldohyde, 246 
„ rdatloiM of, to kcton grou^, 269 
Sulfur compounds, optically active, 16 

„ dioxide, conductivity of triphenylmothyl smlts in, 296 

„ moftovalent, 309 

SylvcBtieno, 48 

Tanndib, B 

Tautomerisin of triphonylmetbyl, 296 If. 

„ „ totea-arylhj'drasincs, :}05 IT. 

Torcbic acid, 31 
Terpenes, 26 IT., 289, 240, 260 
„ classification of, 26 

dioyclic, 67 (I. 
general properties of, 27 

,, intraiuo^ulac ceaeeangoincutB of, 41, 47 -8,67, 70,74, 78, 79 IT. 

muiiouyolic, 26 IT. 

„ iioinonclaturo of, 26 

natural sytitkcsos of, 269 
„ olefiiiio, 84 

„ tablo of relations betwcon, 102 

Terpunogons, 84 
Torpenylio acid, 31, 75 
Terpln, 39 IT. 

dibroinide, 41, 76 
„ Jiydratc, 41 
Terpinoiics, 39 

Torpincol, 27, 32, 78, 79, 99, 101 
., decompuhition of, 29 

, .. Hynlhcsis of, 27 

Terpinoleiio, 38 
Tertiary grouping, 3<‘)3 
Totra-arylliydraxines, 301 If. 

Tetracarliuiiimido, 171 
Tclrucctic acid, 262 
TotmdoGupeplide, 191 
Tctrahydroliorboriiio, 167 
Tctroiuetboxyllavuiioiiti, 220 
Totrauitromotihaiio, L6,298, 336 
Totrapoptldo dorivativo, 188 
Tetraplumyl-otlmiie, 288 

„ -hydrassine, 301 IT. 

Tholmino, 168,161, 164, 166 -7 
Tlioboiiiuo, 164 
Theobrouiiiie, 172 
ThoopbyllinOj 171 
Thielo's bonsono formula, IS 
„ theory, 10 R. 

Th|onylAiphotiylm^hano, 299 

„ Rcorlot, 8 

Thionyl chloride, 189 
Thiophene, 332 , * 

„ analogues of triphonylraothyl, 299 
Tliymine, 19^ 

Tin compounds, optically active, 16 
'CraiiB-terpin, 41 
Triooetic acid, 253 
„ lactone, 257 
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Tribromotriplionyl catblnol, S88 
-methyl, 384 

„ „ ohiorido, 883 

Trinitronitrltomothune, IG 
Trlpeptlde derivative, 188 
Trtpbenyl-broino-metbaDe, 280 
oarbinol, 281 

„ ohloro-mothane, 2R1, 288 

„ ethane, 288 

iodo-methano, 287 
„ methane, 288 

„ motbyl, 5, 6. 279 fF., 308, 304, 305, 309, 310, 312 

abMjrtivo power of solutions, 286 
bromide, 282 
chloride, 281, 282, 288 
dipheiiylaraiiie, 803, 305 
double compounds, 281 
hevnphoiiyl-cthanp view of, 2HG IT. 
io(* dc, 2W, 29G 
ions of, 29G 
lead anHldgno of, 301 
molecular weifj'bt of, 28.*) 
poroxido, 281, 288, 2!)2. 297 
prepaniliun of, 380 
proi)erties of, 260 
rininoiioid, views of, 289 :T. 
salts, conrlactlvity of, 20G 
tnutomerism, view of, 295 If. 
iliionlien, luialoguo of, 209 
trivolont carbon, liypotliosin of, 283 IT. 
two forms of, 295 

I'ropic luid h^iitliGsis, 12(i 
'rropine, 124 ff. 

and psoudotropine, isomcrisin of, 12ri 
Tropiiionc, 124 ff., 127 

,« nattiral syntheslB of, 2(i5 
Tryptophane, 194 

UtiLMann and Borbum’a bydrociirlion, 267, 288, 201, 307 

Umliulliforof 0 compound, 25C, 258 

Unexplained cases of isomcrihm, HS9 

Unhaliirated noids, roiwtions of with snipliuric acid, 317-8 

Unmilnratioii, 10 IT., 320 if. 

Unsaturoted ketones, rcactioiiR with liydnKvInmine, 318-9 
Uramil, 168-9 
Uric ooid, 168 IT. 

„ uatural formation of, 276 
Uroxanic acid, 171 

VATJiiHcy, abnormal, 279 If., SOU IT. 

„ porlial, 11 
' „ variability of, 325 
VanQlln, 138 

,, methyl ether, 142 * 

Vat dyes, 6 

Veratroyl-nor-hydrohydrastinine, 157 
Vestrylamino, 47, 48, 80 
Vinyl-acetic acid, 317 
Vlofanin, 228 
Violet A, 8 


ft 


?r 

n 


ir 


Trihtnariii, 191 
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Violet perfome, uMlfiolel, 97 
Violono aoid, 168 
Vital aynthesea of elkeloidB, S65 
„ „ „ BnthooyajunB, 968 

„ „ „ carbohydrate^ SKi 

V • I* oellolou, 386, 389 
II 11 ,i lata, 971 

. „ „ „ UgnooelluloBeB, 289^ 

II II II proteins, 239,340,372 

„ „ pyrrol deriratlves, 268 

„ „ „ temnoa, 369 

Vorhinder Unle, 821 fi. 

Vuloaiiiratlon, 107 

WaeiEuen'b luverslon, 18 if., 885 

XASXHiira, 174 
XonthophyU, 199 
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